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Sorghum and p e a r l  m i l l e t  Are t h e  two most important  c e r e a l s  grown on dry- 
lands i n  semi-'arid t r o p i c a l  (SAT) a r e a s  of  i n d i a .  These have t r a d i t i o n a l l y  
formed p a r t  of a  h igh ly  uns tab le ,  low-cost, low-output farminq system and 
a r e  eva lua ted  i n  t h e  market a s  r e l a t i v e l y  i n f e r i o r  foodgrains (Jodha 1973).  
Unremunerative response (Kanwar e t  a l .  19731 and high l e v e l  of weather 
induced i n s t a b i l i t y  i n  y i e l d s  (Bapna e t  a l .  1979) have been hypothesized 
a s  t h e  two main f a c t o r s  respons ib le  f o r  poor performance of these  crops 
i n  regard t o  use of modern i n p u t s  l i k e  f e r t i l i z e r s  which, in  these  a r e a s ,  
has been confined t o  ( a )  r e l a t i v e l y  h igher  valued,  i r r i g a t e d  c e r e a l s  l i k e  
r i c e  and wheat where t h e  responses a r e  h igher  and more s t a b l e ,  and (b)un-  
irrigated c o m e r c i a l  crops l i k e  c o t t o n ,  c h i l l i e s ,  tobacco,  qroundnut, e t c .  
where t h e  high va lue  of  ou tput  provides t h e  needed incent ives  t o  take  r i s k s  
(Desai e t  a l .  1973, Desai and Singh 1973) .  On both these  scores  t h e  m i l l e t s  
compare unfavorably with these  crops.  
*Economics Program, I n t e r n a t i o n a l  Crops Research I n s t i t u t e  f o r  t h e  Semi 
-Arrd Tropics (ICRISAT), Patancheru P.O., An&ro Pradesh 502 3 2 4 ,  Ind ia  
and **Division of Sample Survey Methodology, Indian Agr icu l tura l  Statistics 
Research I n s t i t u t e  (IASRT), LiLrary Avenue, New Delhi 110 012, Ind ia .  The 
p r e s e n t  paper  i s  t h e  r e s u l t  of a  j o i n t  s tudy unclcrtaken by t h e  two i n s t i -  
t u t i o n s .  The au thors  a r e  deeply indebted t o  Dr. J . S .  Kanwar, Di rec tor  of  
Research, ICRLSAT, and t o  D r .  D .  Singh, D i r e s t o r ,  IASRI f o r  t h e i r  keen 
i n t e r e s t  and a c t i v e  involvement i n  t h i s  p r o j e c t .  Messrs. A.S. Gupta and 
Mahesh Kumar, S-I s c i e n t i s t s  and M.S. Verma, Technical  Ass i s tan t  a t  IASRI 
provided valuable  a s s i s t a n c e  i n  computer a n a l y s i s  and t a b u l a t i o n  work, We 
are thankful  to  tham. Drs. J m e s  Ryan, Ilans Binswanger, M3tthias von Oppen 
and B t i ~  Ilardaker have read  tho e a r l i e r  d r n f t s  and offoracl u s e f u l  sug0eP- 
t i o n s .  The au thors ,  howwer,  own f u l l  r e n p o n s i h i l i t y  f o r  any shortcomings. 
This t r a d l t i u r ~ d l  pa t t e rn  appears t o  be changing i n  t h e  wake of 
introduction of high y ie ld ing v a r i e t i e s  (HYV) and, desp i t e  t h e  r a t h e r  
ta rdy performance of t h e  HYV of sorghum and m i l l e t s ,  farmers do seem t o  
have s t a r t e d  11r:inq f e r t i l i z e r s ' o n  these  crops a l s o  (NCAER 1974, 1978). 
This i s  a  t rend which needs ca re fu l  monitoring not only because of i t s  
impact on t h r  y i e l d  l eve l s  of these  crops but a l s o  because t h i s  may mark 
the  Leqirlri~nn of  ~ i : te .ns ive  f e r t i l i z e r  use under dryland conditions -- a  
phenomenon of c ruc i a l  importance in terms of p o t e n t i a l  growth in  produc- 
t i v l t y  and  i n  l r r t l l  l z e r  demand in  India (Desai 1978).  
The prehcric. invr,wtigation i s  an attempt in t h i s  d i r ec t ion .  I t  
provides infornst-lcrr on l eve l s  of f e r t i l i z e r  use on HW of sorghum and 
pea r l  ml l l e t  i r l  rlll!crr'nt a r eas ,  tho pa t t e rn  of fertilizer adoptlon and 
d i f fus ion  a n d ,  ! ' i ~ ~ i i !  l y ,  on f ac to r s  inf luencing f e r t i l i z e r  use on these  
crops.  Ttlrsc .. 11 - a re  Important f o r  deslgnlng appropr la te  technological  
and developmmcnt - t  dteqleb .  Tor example, evldence on ex ten t  of f e r t i l i z e r  
use has a  bear i r i q  ,111 Lhc ' lc,ss prefer red  crop'  hypothesis r e fe r r ed  t o  
above (Jodha 117 ! < ~ n d  f o r  decldlnq on fertility leve l s  re levant  f o r  
breedlnq and ~ I I I J  I L P  r m c ~ ~ t  work on these crops.  Information on t rend In 
fertilizer u%c c w r r  Llme would be helpful  i n  understanding the  nature 
of the  cliffusjon process i n  an environment where the  gains  from adoption 
a r e  u n s t c ~ k ~ l e .  S imi lar ly ,  analys is  of important determinants of f e r t i l i -  
zer use would help iden t l fy  forces  which can be manipulated t:o promote 
i t s  productive u:.e. T h u s ,  t.he s p e c i f i c  objec t ives  of t h i s  paper a r e :  
t o  dctelmlne t!lr cxt rn l  and l cvc l  of f e r t l l l z e r  
urc or1 FfW of sorqhum and pea r l  n u l l e t  In  d l f -  
f c r c n t  nre~as ,  
t o  com)urc fert~lizrr use on these  crops wlth 
tha t  on ' supe r lo r '  r r r l q a t e d  ce rea l s  ( r l c e  o r  
wheat) In t h e  same a reas ,  
t o  cxnmine the trend in f e r t i l i z e r  use and i t s  
d i f fu s ion  over t ime, 
t o  i den t i fy  and evaluate  t he  impact of f a c t o r s  
a f f ec t ing  fer t . i l  i z e r  use decis ions  of farmers. 
De ta i l s  of da ta  sources and procedures used a r e  provided i n  t h e  
following sec t ion  which a l s o  conta ins  a  b r i e f  descr ip t ion  of t h e  se lec ted  
d i s t r i c t s .  The r e s u l t s  per ta in ing t o  t h e  f i r s t  t h r ee  ob jec t ives  a r e  
presented  and discussed i n  t h e  t h i r d  s ec t ion .  Analysis of determinants 
of f e r t i l i z e r  use is  mnta ined  i n  t he  next sec?.!.cr. and the  f i f t h  auwnari- 
ze s  t h e  main f indings  and conclusions.  
11. DATA SOLlRCES AND METFIODOLOGY 
The data  used f o r  t h i s  s tudy have been taken from the  r e s u l t s  of the  
p r o j e c t  e n t i t l e d  "Sample Surveys f o r  Assessment of High Yielding Varie- 
t i e s  Programme" undertaken by the  Indian Agr icul tura l  S t a t i s t i c s  Wsearch 
I n s t i t u t e  (IASRI) , New Delhi i n  88 d i s t r i c t s  spread over 15 s t a t e s  during 
t h e  period 1969-70 t o  1973-74. Five major c e r e a l s  -- r i c e ,  wheat, maize, 
sorghun and pea r l  m i l l e t ,  were covered i n  t h e  Survey. In each s t a t e ,  t h e  
top-ranking d i s t r i c t s  with respect  t o  t h e  t a rge t ed  a rea  of HYV of t he  
crops s tudied  were s e l ec t ed .  
Two types of enqu i r i e s  were conducted under t h e  Survey -- one, known 
a s  t he  Agronomic and Agro-economic Enquiry ( M E ) ,  f o r  estimating t h e  area  
under HYV of t he  crop s tudied  and the  ex t en t  of adoption of improved prac- 
t i c e s  on se l ec t ed  farmers '  holdings,  and t h e  o t h e r ,  known as the  Yield 
Estimation Survey (YES), f o r  es t imat ing the  y i e l d  r a t e s  of high y ie ld ing 
and indigenous v a r i e t i e s  of se lcc ted  crops .  Under t h e  l a t t e r  (YES), crop 
c u t t i n g  technique was adopted f o r  es t imat ing y i e lds  of important va r i e -  
t i e s .  For t h i s  purpose, 80 crop c u t t i n g  experiments were conducted on 
HYV ahd an equal number on loca l  v a r i e t i e s  f o r  each crop i n  a d i s t r i c t .  
The design adopted f o r  s e l e c t i o n  of f i e l d s  under IIYV was s t r a t i f i e d  multi  
-stage random sampling while t h e  f i e l d s  under t he  l o c a l  v a r i e t i e s  were 
s e l ec t ed  i n  t h e  neighborhood of t he  corresponding HYV f i e l d s  and under 
s imi l a r  condi t ions  of s o i l  and management t o  t he  ex t en t  poss ib le .  Tnfor- 
mation on important i npu t s  used and c o s t s  were co l l ec t ed  f o r  each f i e l d .  
For t h e  Agronomic and ~gro-economic Enquiry (AAE), a sample of 320 c u l t i -  
va to r  households growing the  crops s tudied  in  the  d i s t r i c t s  were s e l ec t ed  
by s t r a t i f i e d  multi-stage randon sampling des ign.  1 
Beginning 1974-75, t he  coverage was reduced t o  38 d i s t r i c t s  spread 
over t h e  same 15 s t a t e s .  ?wo more crops namely cot ton  and groundnut 
were added to  the  f i v e  c e r e a l s  a l ready mentioned. Annual r epo r t s  g iv ing 
1. I f  two csops were s tudied  i n  t he  same season, 160 c u l t i v a t o r s  were 
s e l ec t ed  f o r  each crop. 
t h e  r e s u l t s  of t h e  p r o j e c t s  have been p u b l i s h e d  by t h e  U S R I  f o r  t h e  
y e a r s  1970-73 t o  1375-76. 
Data on f e r t i l i z e r  use on sorghum, p e a r l  mil.let and o t h e r  c r o p s  
( r i c e  o r  w t j e a t )  ~ r t  h e  s e l e c t e d  ' d i s t r i c t s  were taken  from t h e  Annual 
Report of thc  p r o l e c t  (Raheja e t  a l .  1976) f o r  t h e  year  1973-74. 2 
Sorghum crop was s t u d i e d  i n  20 d i s t r i c t s  i n  t h e  k h a r i f  and one d i s t r i c t  
i n  t h e  r a b i  :ie;t.ion. I'or p e a r l  m i l l e t ,  t h e  corresponding number of  d i s -  
t r i c t s  were 21 arid 5 ,  r e s p e c t i v e l y  (Raheja e t  a l .  1 9 7 6 ) .  A l m s t  a l l  
t h e s e  d i s t r i c t s  f < l l l  i n  t h e  semi-ar ld  t r o p i c a l  r e g i o n s  of t h e  count ry .  
For ana lyz l r~r i  t r e n d  i n  f e r t i l i z e r  use over  t ime ,  we have used 
d a t a  f o r  unly t1icrr;e districts which were ccvered cont inuous ly  f o r  6-7 
y e a r s ,  up t o  1 ' ~ 7 t , - 7 7 .  There were f o u r  such d i s t r i c t s  f o r  b o t h  sorghum 
and p e a r l  n~i  1 l e t .  
'I'he annly: ,~: .  ol' detezmlnilnts of f e r t i l i z e r  use  was a t tempted  a t  
two l e v e l s . '  Ln t.he f i r s t ,  p l o t  l e v e l  d a t a  on f e r t i l i z e r  use  and o t h e r  
v a r i a b l e s  from 1 1 1 ( ~  Yic!ld Es t imat ion  Survey (YES) f o r  1973-74 were used 
w i t h  a  view t o  exp1,iiriing i n t e r - p l o t  d i f f e r e n c e s  i n  f e r t i l i z e r  use ( i n  
each d ~ s t r ~ c t )  .in Lernis of f a c t o r s  such as s o l l ,  d r a i n a g e ,  sowing t ime,  
r a i n f a l l ,  11rcvi(>us c rop  grown on t h e  p l o t ,  f e r t i . l i z e r  p r i c e s  p a i d  by t h e  
f a n n e r ,  cti:. Thlk c x e r c i s e  was i.ntended t o  show t h e  e f f e c t  of  farm- and 
p l o t - s p r c l f i c  c h a r a c t e r s  on f e r t i l i z e r  use d e c i s i o n s .  This  was fo l lowed 
by an a g g r o g a t i v c ,  regress ion-based  a n a l y s i s  i n  which d i s t r i c t - l e v e l  
e s t i m a t e s  of  f c r t j l i z e r  use f o r  1973-74 from t h e  AAE survey  were used a s  
dependent v a r l d l d c s  and f a c t o r s  such as expec ted  and a c t u a l  s e a s o n a l  
conditions, so i l  type, irrigation, y i e l d  r i s k ,  c r e d i t ,  e t c .  were used a s  
explana tory  v a r i a b l e s .  Thls  analyslr ;  focrised attention on i n t e r d i s t r i c t  
v a r i a t i o n s  i n  f e r t i l i z e r  use.  
n e s c r l p t i o n  of  s e l e c t e d  d l s t r l c t s  and spread  of  HYV of 
sorglium and p e a r l  m l l l e t  
The survey on high y i e l d i n g  v a r i e t i e s  of  sorghum covered more t h a n  3900 
c u l t i v a t o r  households spread  over  21 d i s t r i c t s  i n  f o u r  s t a t e s .  A s  can be 
seen from Appendix I ,  t h e r e  was a  high c o n c e n t r a t i o n  i n  Maharashtra and 
2 .  The coverage was s u b s t a n t i a l l y  reduced from 1374-75 onwards which a l s o  
happened t o  be t h e  y e a r  when f e r t i l i z e r  p r i c e s  r o s e  s h a r p l y .  These con- 
s i d e r a t i o n s  prompted t h e  s e l e c t i o n  of t h i s  p a r t i c u l a r  y e a r  for our s tudy .  
3 .  The models a r e  d e s c r i b e d  i n  d e t a i l  i n  S e c t i o n  I V .  
Karnatdka -- t h e  major sorghum producing s t a t e s .  In  a lmort  r l l ' t h e  d i s -  
t r l c t s  s e l ec t ed  (wlth t h e  exceptlon of Nandea, Wardha and SHCmoqa), 
sorghum was an lmportant crop. The sample f o r  pea r l  millet was more d l f -  
fused and covered about 4 700 cultivators In 26 d i s t r l c t s  spread over 
e i g h t  s t a t e s .  Pea r l  m l l l e t  was not  a very lmportant crop l f i  I f  ou t  of 
t h e  26 s e l e c t e d  d r s t r l c t s  of Andhra Pradesh,  Tam11 Nadu (except Tiru- 
n e l v e l l )  and some d i s t r l c t s  of Maharashtra. Thls has t o  be borne in  
mrnd while i n t e r p r e t i n g  t h e  r e s u l t s .  
Appendlx I a l s o  shows t h a t  t h e  s e l e c t e d  d i s t r l c t s  covered a wlde 
range of s o i l - r a l n f a l l  conditions. Most of t h e  sorghum d i s t r r c t s  had 
black o r  r ed  s o l l s  and, with t h e  exception of  Shlmogh, had l e s s  than 
1200  mrn annual (normal) r a i n f a l l .  I n t e r d l s t r l c t  v a r l a t l o n  In r a m f a l l  
and s o l 1  type  was h lgher  i n  t h e  p e a r l  m i l l e t  d l s t r l c t s .  The normal 
r a l h f a l l  ranged from 219 m In Rohtak t o  1211  nun In  Chlngleput and 
almost a l l  malor s o l 1  types  were represented .  
An o v e r a l l  zdea regarding spread of t h e  IIYV In these  d l s t r l c t s  
1 s  provlded by Table 1 whlch shows t h e  d l s t r l b u t l o n  of c l l s t r l c t s  
according t o  ex t en t  o f  coverage under IflV arid alga accordlrig t o  t h e  
e x t e n t  of HYV a r e a  l r r l g a t e d  (Appendlx I). 
Table 1. Di s t r i bu t ion  of d i s t r i c t s  according t o  spread of HYV and 
ex ten t  of HYV a r ea  i r r i g a t e d ,  1973-74 
Class  i n t e r v a l  
( %  a rea )  
r 60 
41 - 60 
21 - 40 
11 - 20 
G 10 
Tota l  
Sorghum Pearl  M i l l e t  
c rop  a r e a  Crop a r e a  HYV area 
covered area 
by HYV l r r l g a t e d  
covered 
by WyV ~ r r l q a t e 4  
Number of d l s t r l c t s  In different c l a s s e s  
3 1 ~ ( 3 ) ~  16 (4)  
4 5 5(3) 2 ( 2 )  
4 5 8 (6) 2 (2 )  
7 3 l ( 0 )  0 (0) 
a. Frgures i n  p a r e n t h a s e s , i n d i c a t e  &strlb\ntlon o f  t h e  important, 
p e a r l  m i l l e t  growing d i s t r i c t s .  
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D. mrm,qlorwt H~wr. 
I J ,  stik,!jinrtn (Kcmllr) Slapl' 
I ) .  ttrilrri,innu xnb\l~, r;rlrrra,m I l ~n r .  
I). tmlnlwrir Stvnt. 
I). naraltaisis nibip, rtrn~i~mn Hvnr. 
1). pm1:ii Stvnt. 
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1 1 %  
I.! 
1 
didac(y1a Willd., D. f r i c ~ i i  l'ilgrr, nnii I ) ,  IIO/O/PI~,T~J SIPIII., 11111 i ~ i c l ~ ~ ~ l ( ~ c l  i t1  tht. 
I964 collection. ' l 'wu []I' ll irsr s[)ri,irs, I ) .  ndtcu11111~11.r a ~ l t l  I ) ,  di1111f!l'/n, IJ(~IOII~ 
i n  tile Sanguinales scctii~n, nn ;idtlili<in 111 t l ~ r  I't(i.1 c-irl lr<,~il~lt. 'l'llr r\il.lll 
oI'v:~riatin~l ill ~ I i u  c ~ ~ l l c c t i o ~ i  is ~IL'I,~IIC<I I ; I~~I . I !  11) [\I(, 111ci1tii111 ;III~ r i t ~~q i ,  
oI'sp~~cirs, Sornc species i n  ~IIP ~ o l l r t  1 i 1 ~ i  ti~;iy I J ~  or clir,,(,t uhr i t 1  ; \~r i r i11111~t.  
af'tcr complrtion of  adaptation slid I'V;I~II;II~(III htudirs. (:rrt.lin hl)r.riv\ \ \ ~ I I .  
SO I~~~ I I  for i i s r  ill ~I;IIII ~III~>~~\,~IIIVIII ~I<I~I;IIII!II~,\, 0111r1, +l~~t,ir< I , , i v i t i~  
l itt lu or 1111 known ngrononlic v i ~ l l ~ l -  \vtsrt. I tt l lu 11.d i1.1 011 1.11i11.t 10 sit(ihl\ 
the reqilc~ls or individ~~;;ls CII~;~~IYI il l  ~~!IOI.IX,IIIIII I~C r~tr~11(:11. J) I I I I~~~~:LI~~ 
I ~ r r l ~ n r i u ~ : ~  specim(*ns wt'r<* c o l l r c ~ i ~ l  Ii>l IIIC, X.~!iot~;tl li-r11;~ri11111, l 'rt*t~~ri;t, 
So l l l l ~  Afr ic;~ i ~ r t c l  1111. Nat ic~ t~ ;~ l  I I r r l ) , ~ l . i ~ i l ~ ~ ,  i ; l t l i O ~ h i ~ ~ ~ i i ~ ~ ~  IIIYI IIIIICII~. \2',1\11- 
i o i  1 . .  ):icltl collrrliolt ~ I ~ I I I I ~ H ~ ~ \  ])(.t.lllil (.r~)ss-illdrl;i~l~ li)r I ' tt lt~r~. 
rt:li-rrncc. 'I'lir s p r c i ~ ~ ~ r ~ ~ r  on dcposit i r ~  1111. N;II/OII;LI ITL'~IILII~LII~ ill W:t+llitlp 
ton have b w n  ;rssig~ird U.S.l).A. ~ ~ l i t l ~ !  i l t ~ r ~ ~ d l ~ r ~ i o t l  (I'.I.) t l t~t t i l~( .r \ .  
Ttlc incidrnce ol'sprcies i n  t l ~ r  ;lri:;~ nl' ci~llc.r.!iori ond t l ~ r i r  c t r ~ l ~ t ~ t t ~ i r .  
importance rusi~It~!d i n  111r c r~ l l c c l i o~~  I,~,III;I~II~II~ ;I ~)~~~I~III~~I,I~;III~~I~ (PI' SIIC,I i<,\ 
belonging i n  t l~r wrtion I:rinr~tIra<.. 'I'll,, $,;II~~:IIIIv, I I I I I~~, ~II~V,III;~~OII~ 
~xrcnnial ,  D, rrin~~tbo Stcild., i r  n,irlrl\ ~~ \ I I ~ I I I I I ~ I I  i l l  ~,II~IIII~~II Ali.iri~ HI:(.Ic, 
i t  is adapccd to a widc range {IS si~ilr ;111ll ~. ;~i t l l , l l l .  11 i'i 811 rxcr.l1r111 yri.r i n  
for the control ol' crmion and is ;I ~ x ~ l r ~ l i ; l l  \OIII<,I. ~~ '~ Iu I I I~~ I I -~~ \~ , : I~ I I  
germ plasm. 
The robust, rl~izolnatnus, tniic-d st~crit.~. I ) .  nr/rr.ra~:lo.~rn I I r r ~ r . .  i, IIIII.L 
common i n  the sandy coastal soils ol'hlr~/.;~ti; l~iqiw at111 N;lcirl. I t \  KIU\\III 
habit and tolerance ol'nalinc s11ilr ;III~ r;llt rl)r;~y contri1)iltr to 11lr viilllt. ( 1 1  
this species as a sand-binding and rrosior~-ctrthrt,I p la l~ t .  'I'llc s l r r l o r ~ i l ~ . ~ ~ ~ ~ ,  
'l'r<q>, ,A~r ic ,  ~ ' l ' r i r ~ i ~ l ; ~~ l )  \ ' a l l ,  511. So, 1 ,  O V I ~ ~ I ~ , , ~  lcti< 
The t a b l e  c l e a r l y  shows t h a t  t he  pea r l  m i l l e t  hybrids had higher 
coverage a s  ccmpared t o  t h e  sorghum ITv. In e igh t  d i s t r i c t s ,  m r e  than 
60% of the  crop a rea  was covered by hybrids (agains t  3 i n  sorghum) a d  
i n  only f i v e  d i s t r i c t s  (againat  10 in  sorghum) the  spread was l e a s  than 
201. Even i f  we exclude the  13 d i s t r i c t s  where the  crop was ~ n i U t p ~ r t a n t ,  
t h i s  supe r io r i ty  holds.  
Another important f ea tu re  brought ou t  by the  t a b l e  was t h a t  i n  
near ly  ha l f  t he  d i s t r i c t s  s tudied the  sorghum HYV wore grown pr imar i ly  
under un i r r iga t ed  ( l e s s  than 20% aroa i r r i g a t e d )  conditions; on the  other 
h n d ,  i n  16 out  of 26 d i s t r i c t s  more than 60% of the  a rea  under p e a r l  
m i l l e t  hybrids was i r r i g a t e d .  I t  was i n t e r e s t i n g  t o  note t h a t  i n  12 
(out  of 13) non- t radi t ional  d i s t r i c t s  spread over t h e  southern s t a t e s  the 
p e a r l  m i l l e t  hybrids were grown predminant ly  under i r r i g a t e d  conditions.  
The remaining 13 t r a d i t i o n a l  pea r l  mil let  producing d i s t r i c t s  ( i n  Gujarat 
Haryana, Rajasthan, Madhya Pradesh and Maharashtra) presented an in t e re s -  
t i n g  con t ra s t  -- i n  four d i s t r i c t s  more than 60% of t h e  hybrid area  was 
i r r i g a t e d ,  i n  f i v e  the  hybrids were grown pr imar i ly  imder r a in fed  condi- 
t iona  and both the  ca tegor ies  of . d i s t r i c t s  were spread over a wide range 
of so i l - c l ima t i c  conditions.  Thus, while the re  was an indicat ion t h a t  
i r r i g a t i o n  was more important f o r  p e a r l  m i l l e t  hybrids than f o r  sorghum, 
the  evidence from the  t r a d i t i o n a l  producing areas  was not a s  overwhelming 
a s  t h e  ove ra l l  d i s t r i b u t i o n  i n  Table 1 indicated.  
In  gene ra l ,  coverage under HYV of sorghum was lower; bu t  these  were 
grown t o  a l a r g e r  ex ten t  under rainfecl conditions.  The performance of t t  
p e a r l  m i l l e t  hybrids was more d ive r se  i n  t h i s  regard though the re  were 
ind ica t ions  t h a t  a v a i l a b i l i t y  of i r r i g a t i o n  was more important f o r  t h i s  
crop (Bapna and Murty 1976).  
111. STATUS OF FERTILIZER USE ON IIYV OF SORGHUM AND PEARL MILLET 
Observed p a t t e r n s  of f e r t i l i z e r  use or1 a p a r t i c u l a r  crop a r i s e  f r a n  three 
r e l a t e d  decis ions:  (1) whether t o  use f e r t i l i z e r  o r  no t ,  ( 2 )  what r a t e  of 
app l i ca t ion  t o  use,  and (3)  how much area  t o  cover. These decis ions  a r e  
influonoed by a h o r t  of technologioal ,  aocioec?onom~.c and prychological 
vuirblar ,  We rhrll warnine therr influancer in Brction IV.  Harm we 
pre ren t  obaorvod es t imates  of theme parameters i n  order  to provide an 
ldea regarding the s t a t u s  of f e r t i l r z e r  use on HYV of sorghum and pea r l  
rml le t .  The average estimates have been taken fram the  publiohed 
repor t  of the Hrgh Yreldzng Varre t ies  Survey (Raheja e t  a l .  1976) for  
1973-74: d e t a l l s  r e g a r d i n g , f e r t r l i z e r  use under l r r l ga t ed  and unrrrigated 
conditions have been taken from unpublrshed tabulated r e s u l t s  of the  
Survey. 
1. Adoption of fertilizers 
Table 2  shows t h e  l eve l  of adoption of f e r t i l r z e r s  fo r  HYV of sorghum and 
pear l  ml l l e t  In different d r s t r ~ c t s . ~  Consrderable l n t e r d r s t r r c t  var ia-  
b r l i t y  rn t he  percentage of farmers usrng f e r t r l r z e r s  was noted even though, 
In  genera l ,  adoptlon l eve l s  appeared t o  be f a r r l y  hlgh -- rn 7 (out of 21) 
and 9 (out of 22) districts fo r  sorghum and pea r l  mr l l e t  respectively,  more 
than 802 of t he  farmers growing IIYV used f e r t z l l z e r s .  Correlations were 
worked out  between adoption of f e r t i l i z a r s  and var iables  l i ke  spread of HYV 
and r a i n f a l l .  A pos i t l ve  and s lgn i f l can t  correlation (t0.45) was obtarned 
between adoptlon and r a l n f a l l  f o r  sorghum; fo r  pear l  mrl le t  none of these 
var iables  were found t o  be s lgn r f l can t ly  associated. 
Data on proportron of f e r t l l l z e r  users resorting t o  fertilization of 
the  unlrrrgated (HYV) crop a r e  u t e r e s t r n g .  The table  showed thdt  f e r t r l r -  
zer use under unl r r lga ted  condrtlons was a  comon and extensrve p rac t r ce ,  
pa r t r cu l a r ly  f o r  HYV of sorghum. In 16 out  of 21 d r s t r r c t s ,  more than 801 
of t he  f e r t r l r z e r  adopters applied f e r t r l r z e r  t o  the unlrrrgated HYV crop 
of sorghum. For pea r l  ml l l e t  hybrids,  t h r s  was t rue  only f o r  5 out of 22 
d i s t r r c t s ;  rn as  many as  12 d l s t r l c t s ,  l e s s  than 10b of the  f e r t r l l z e r  
users resor ted  t o  t h r s  prac t rce .  I t  was a l so  noted t h a t  m a t  of the  l a t t e r  
were unrmportant pea r l  ml l l e t  producing d i s t r i c t s  where, as we have s t a t ed  
e a r l i e r ,  the  HYV were almost lnvarrably grown under ~ r r l g a t l o n .  The corxe- 
l a t ron  between adoptlon under unl r r iga ted  condltron and percentage area  
under t he  crop (pea r l  m ~ l l e t )  was t0 .44  and t h l s  a l so  indicated t h a t  i n  
t he  malor producrng districts, f e r t l l l z e r  use on the  unlrrrgated crops was 
cournon. 
4. These were o b t a l n d  frcm the  d r s t r l bu t lon  of l r r l ga t ed  and uni r r rgated  
p l o t s  f o r  each d i s t r i c t  rn  t h e  Yield Estimation Survey. Because the  data  
rourcro are d i f f e r e n t ,  one observes some lnconalstenciee while comparing 
f e r t i l i z e r  use under uni r r rgated  mndr t lons  (Table 2) and percentage HYV 
a r ea  i r r i g a t e d  (Appendix I ) .  The differences, however, a re  mlnor. 
Table 2.  Adoption of f e r t i l i z e r s  f o r  HYV of sorghum and p e a r l  m i l l e t  i n  se lec ted  
d i s t r i c t s  (1973-74) 
Sorghum districts Pear l  Mi l l e t  d i s t r i c t s  
8 i lYV 
growers 8 users  ' HW 8 users  growers f e r t i l i z i n g  f e r t i l i z i n g  D i s t r i c t  ( S t a t e )  using D i s t r i c t  ( S t a t e )  using 
un i r r iga ted  un i r r iga ted  f c r t i -  f e r t i -  
l i z o r s  IiYV crop l i z e r s  HYV crop 
Jalgaon (Mah) 
Ahmadnagar (Mah) 



















~ u j a r a t ~  
I l issarc (Har) 
Rohtak (Har) 




















Source: Yleld Estimation Survey da ta .  There i s  a  minor d i f fe rence  with d a t a  on 
i r r i g a t e d  HYV rcported i n  Appendix I .  
a .  Post-rainy season crop.  
b. This information was not  ava i l ab le  f o r  Banaskanta, Kaira and Rajkot d i s t r i c t s  
i n  Gujarat ,  and Tirurlelvcl i  (post-rainy season) i n  Tamil Nadu. 
c. Trad i t iona l ly  important pear l  m i l l e t  producing d i s t r i c t s .  
NA - not a v a i l a b l e .  
Information on adoption of f e r t i l i z e r  thus revealed t h a t  f e r t i l r z e r  
use on HYV of these two crops was a corrunon p rac t i ce .  I t  a l so  emerged t h a t  
a r e l a t i v e l y  high proper t ion  of fanners used f e r t i l i z e r  on the  unl r r iga ted  
crop. 
2 .  Lavels of f e r t i l i z e r  use 
Two parameters -- r a t e  of app l i ca t ion  and ex ten t  of crop area  f e r t i l i z e d ,  
determine t h e  average l e v e l  of f e r t i l i z e r  use measured a s  t he  r a t e  of 
p l an t  nu t r i en t s  used pe r  hectare  of crop a rea .  In  Tables 3 and 4 ,  da ta  
a r e  provided on average r a t e  and i t s  two determinants f o r  HYV of sorghum 
and pea r l  m i l l e t ,  respect ive ly .  
The l e v e l  of t o t a l  p l an t  n u t r i e n t s  (NtP205tK20) used per hectare  of 
crop a rea  provides an idea  regarding the  average in t ens i ty  of f e r t i l i z e r  
use and f igu re s  reported in  Tables 3 and 4 revealed wide i n t e r d i s t r r c t  
v a r i a b i l i t y  i n  t h i s  parameter. The average l e v e l  was found t o  be lean 
than 20 kg per hectare  of crop area  i n  4 and 7 d i s t r i c t s  respect iva ly  for 
?W of sorghum and pea r l  m i l l e t ;  i n  6 and 9 d i s t r i c t s  f o r  these  two cropr 
r e spec t ive ly ,  the  l e v e l s  exceeded 60 kg per  hectare .  In genera l ,  d i r -  
t r i c t s  with higher adoption of f e r t i l i z e r s  f o r  sorghum a l s o  had higher 
average l eve l  of f e r t i l i z e r  use ( r  = +0.56) a s  had d i a t r i c t r  with higher 
r a i n f a l l  ( r  = t 0 .49 ) .  Percentage a rea  under HYV and l iYV area i r r i g a t a d  
were pos i t i ve ly  corre la ted  with average l e v e l  of f e r t i l i z e r  ure but t ho l e  
were not  s t a t i s t i c a l l y  s i g n i f i c a n t .  The average r a t e  of appl ica t ion  f o r  
pea r l  m i l l e t  hybrids was a l s o  s i g n i f i c a n t l y  associa ted  with adoption 
(r = +0.61) and ex t an t  of HYV arna i r r i g a t e d  (r * t 0 . 4 5 ) .  With o ther  
va r i ab l e s  -- coverage under HYV and r a i n f a l l ,  t h e  co r r e l a t i on r  were not  
s i g n i f i c a n t .  These r e s u l t s  suggcsted the  importance of r a i n f a l l  (rorghum) 
and i r r i g a t i o n  (pea r l  mi l lo t )  a s  determinants of f e r t i l i z e r  use on these  
crops.  
The t a b l e s  a l s o  reveal  t h a t  the local  v a r i e t i e s  of these  crops were 
genera l ly  no t  f e r t i l i z e d  o r  were f e r t i l i z e d  a t  very low r a t e s .  In  15 
d i s t r i c t s  f o r  r o r g h w  and 19 f o r  pea r l  m i l l e t ,  the  average r a t e  was e i t h a r  
r e ro  o r  nominal ( l e e s  than 5 kg N ,  P205, K20 per hec t a re ) .  
Wa now look a t  t he  determinantr of average l eve l  of f e r t i l i r e r  ura -- 
t h e  ac tua l  ratsr of appl ica t ion  per f e r t i l i z e d  hectare  and t h e  ex t en t  of 
Table 3. Average r a t e  of f e r t i l i z e r  consumption, r a t e  of a p p l i c a t i o n  per  f e r -  
t i l i z e d  h e c t a r e  and e x t e n t  of a r e a  f e r t i l i z e d  f o r  HYV of e o r g h m  in 
s e l e c t e d  d i s t r i c t s  (1973-74) 
Average r a t e  (N+P,05+ Rate pe r  fertilized Percentage a r e a  
K 0 )  p e r  hectar; hec ta re  ( H W )  f e r t i l i z e d  (HW) 
D i s t r i c t  ( S t a t e )  IIYc Local N P205 K20 N P205 K20 
kg/hs kg/ha kg/ha kg/ha k g h a  8 8 k 
Jalgaon (blah) 50 19 40 27 1 2  78 63 18  
Ahmadnagar (Mah) 45 0 72 29 N i l  53 24 N i l  
Sang l i  (Mdh) 30 0 60 25 15 39 19 1 5  
Aurangabad (blah) lli 0 55 27 12 24 15 7 
Parbhanr (Mah) 29 0 47 19 18 43 25 25 
Bhlr (Mah) 18 0 23 19 21 24 41 25 
Sa ta ra  (Mah) 4 H 0 59 27 13 64 26 2 2 
Osmanabad (Mah) 2 ? 2 29 2 1  16 38 32 3 2 
Buldhana (Mah) 6 8 9 33 33 18  88 88 56 
Akola (Mah) 4 0 0 48 27 17 52 42 2 1 
Amravati (Mah) 7 1 5 42 29 22 90 72 56 
Nanded (Mah) 19  0 31 15 4 47 28 14 
wardha (Mah) 39 1 44 18  15 60 43 34 
Nagpur (Mah) 5'4 2 35 27 16 8 1  79 58 
Mandsaur (MP) 84 2 2  6 3  24 29 8 1  71 54 
Belgaum (Kar) 117 19 94 27 24 93 60 56 
Be l la ry  (Karl 28 8 13 11 11 72 7,2 7 0 
Shimoga (Karl 7 5 21 38 24 23 90 89 8 5 
Mysore (Kar) 2 7  0 49 36 32 31 17 17 
Anantapur (AP) 11 0 47 N i l  N i l  24 ti11 N 1 1  
Shlmoga"~ar) 11 3 0 57 35 33 97 95 7 4 
Dls t r ibu t lon  of d l s t r l c t s  In  different c l a s s e s  
6 10 0 17 0 1 3 0  1 3 
11 - 20 4 2 1 5 11 0 3 4 
21 - 30 5 2 2 12 5 3  4 4 
31 - 40 2 0 5 3 2 3  1 2 
41 - 60 4 0 10 0 0 5  4 5 
61 - 80 3 0 2 0 0 3  5 2 
> 80 3 0 1 0 0 7  3 1 
Source: Raheja e t  a l .  1976. Various t a b l e s .  
a .  Post-rainy season crop. 
Table 4. Average r a t e  of f e r t i l i z e r  consumption, r a t e  of app l ica t ion  p e r  f e r -  
t i l i z e d  hec ta re  and e x t a n t  of a r e a  f e r t i l i z e d  f o r  HW of p e a r l  m i l l e t  
i n  s e l e c t e d  d i s t r 4 c t s  (1973-74) 
Average r a t e  (N+P?O<+ Rate p e r  f e r t i l i z e d  Percentaoe a rea  
K ~ O ~  p e r  hectar ;  
D i s t r i c t  ( S t a t e )  h e i t a r e  (HW) fe r t i l i ze ;  (HW) HW Local N P205 K20 N P205 K20 
kg/ha kg/ha kg/ha kg/ha kg/ha r r r 
Banaskantaa (Guj) 11 2 50 0 0 23 0 0 
u i r a a  ( ~ u j )  32 16 36 4 2 0 75 12 0 
-jk0ta (Guj) 39 16 30 32 0 77 51  0 
Hiseara (Har) 3 2 5 46 61 0 65 3 0 
~ o h t a k ~  (Har) 39 17 46 o o 84 o o 
Ja ipura  (Ra j ) 28 4 36 17 0 70 18 0 
Jalgaona (Mah) 37 14 32 21 8 74 54 2 0 
Ahmadnagara (Mah) 66 5 64 37 28 84 28 8 
Sang l i  (Mah) 28 1 60 0 0 47 0 0 
Aurangabada (Mah) 19 2 29 19 18 36 29 16 
Parbhani (Mah) 12 0 27 12 1 2  29 16 16 
a h i r b  (Mah) 12 0 24 18 16 22 21 21 
Sholapur (Mah) a ,  0 20 0 0 27 0 0 
tdorenaa (MP) 8 1 11 53 3 8 0 95 81 0 
Guntur (AP) 5 5 1 56 28 16 62 48 45 
Chi t toor  (AP) 107 0 75 34 33 98 54 46 
Nellore (AP) 59 0 41 22 18 91 67 4 1 
Coimbatore (TN) 141 5 99 42 33 90 74 66 
Madurai (TN) 46 2 35 18 1 8  74 57 57 
T i rune lve l i a  (TN) 82 8 74 28 28 80 40 40 
Chingleput (TN) 8 2 0 44 31 27 91 75 71 
~ o i m b a t o r e b  (TN) 79 20 52 31 30 86 56 56 
l4aduraib (TN) 19 1 18  6 6 78 42 42 
~ i r u n e l v e l i a r ~  (TN) 10 1 26 , 0 0 40 0 0 
~ h i n g l e p u t b  (TN) 71 0 48 26 24 86 63 5 7 
~ e l l a r y b  War) 108 0 64 30 26 98 83 79 
Dis t r ibu t ion  of districts i n  d i f f e r e n t  c l a s s e s  
6 10 2 20 0 6 1 2 0 6  11 
11 - 20 5 6 1 5 6 0  3 3 
21  - 30 2 0 6 6 6 4  3 1 
31 - 40 5 0 4 6 2 2  1 1 
41 - 60 3 0 10 2 0 1  7 7 
6 1  - 80 3 0 4 1 0 9  4 3 
' > 80 6 0 I 0 0 10 2 0 
Source: Raheja e t  a l .  1976. Various t a b l e s ,  
a ,  T r a d i t i o n a l l y  important  p e a r l  n i l l e t  producing d i s t r i c t s .  
b. Post-rainy season crop. 
crop a rea  f e r t ~ l i z r d . ~  The l a s t  S I X  columns of Tables 3 and 4 provide 
these  da t a .  Table 3 r evea l s  t h a t  the  modill c l a s s e s  f o r  n i t rogen ,  phos- 
phorus and potash appl ica t ion  were 41 kg t o  60 kg, 21 kg t o  30 kg and 
11 kg t o  20 kq per f e r t i l i z e d  hectare  respect ive ly .  I t  may be noted 
t h a t  the r a t e  f o r  n l t rogen was l e s s  than 30 kg per f e r t i l i z e d  hectare  i n  
only 3 d l s t r l c t s  (Bhlr,  Osmanabad and Be l l a ry ) .  I n  10, 8 and 3 d i s -  
t r l c t s  rehpect ivf l  i ,  t he  percentage a reas  f e r t l l l z e d  wlth nr t rogen,  
phosphatrc and po ta s s l c  fertilizers exceeded 60% of t he  a r ea  under HYV. 
The modal c l a s se s  f o r  n i t rogen,  phosphorus and potash app l i ca t ion  
t o  HYV of pea r l  m l l l e t  were 41 kg t o  60 kg, 2 1  kg t o  40 kg and l e s s  
than 10 kg per f e r t i l l z e d  hectare  respectively. No phosphatic f e r t i l i -  
zer was appl1r.d I ~ I  f l v e  d l s t r l c t s  and potash was not  used rn ten .  I t  
was noted t h a t  i n  >! out  of 13  major producing d i s t r i c t s ,  no po ta s s i c  
f e r t i l i z e r  was used on t h i s  crop. In 19,  6 and 3 d i s t r i c t s  r e spec t ive ly ,  
t h e  percentage a reas  f e r t i l i z e d  with nitrogenous,  phosphatic and p o t a s s i c  
f e r t i l i z e r s  r e spcc t lve ly ,  exceeded 60%. Thus, this crop had r e l a t ~ v e l y  
lower ~ n d l c a t o r  v ~ ~ l u e s  f o r  potash use,  hut the  number and proportLon of 
districts f a l l ~ r ~ g  l r l  t h e  above m d a l  c l a s s e s  f o r  N r a t e  a s  wel l  a s  
percent area  f e r t l l i z e d  with n i t rogen was higher f o r  pea r l  m i l l e t  a s  
compared t o  sorghum. 
In Table 5 below, some co r re l a t i ons  have bfen shown. These provide 
the  followincl l nd l ca t ions :  
( a )  U t e s  of  f e r t i l i z e r  appl ica t ion  (both N and P2O5) f o r  
sorqhum were not associa ted  with spread of HYV, HYV a r ea  
irrigated, adoption of f e r t i l i z e r  o r  r a i n f a l l .  For 
pea r l  mi l le t . ,  i r r i g a t e d  IiYV a r ea  was pos i t i ve ly  associa ted  
with N r a t e s  and adoption with P205 r a t e s .  
(b)  'I'he percentage sorghum areas  f e r t i l l z e d  with N and P205 
were significantly co r re l a t ed  with adoption and r a i n f a l l .  
For pea r l  millet, spread of IWV,  I P N  a r ea  irrigated (with 
N),  adoptlon of f e r t i l i z e r  and r a i n f a l l  (wlth P205) were 
co r r e l a t ed  pos l t l ve ly  with t he  area  f e r t i l i z e d  va r i ab l e s .  
( c )  The nitrogerl and phosphorus r a t e s  were not co r r e l a t ed  f o r  
sorghum but t he  a r ea  f e r t i l l z e d  with these  n u t r i e n t s  were 
positively co r re l a t ed .  For pea r l  m i l l e t ,  both r a t e s  and 
a reas  f e r t l l i z e d  with n l t rogen and phosphorus were corre-  
l a t e d  and the  r a t e  and area  f e r t i l i z e d  with t h e  same nu- 
t r l e n t  was a l s o  p o s i t i v e l y  co r r e l a t ed .  
5. The d i s t r i c t  es t imates  presented in  Tables 3 and 4 gene ra l ly  had high 
p rec i s ion .  The percentage standard e r r o r s  f o r  n i t rogen r a t e  es t imates  
were below 20 In 1 9  d i s t r i c t s  f o r  sorghum and 2 1  d i s t r i c t s  f o r  p e a r l  
m i l l e t .  

These indicated t h a t  higher spread of HYV does not imply higher 
r a t e s  of f e r t i l i z e r  appl ica t ion .  There was some indica t ion  t h a t  f e r t i -  
l i z ed  area was higher i n  d i s t r i c t s  with higher HYV area .  Secondly, ,  
higher level  of f e r t i l i z e r  adoption was more strongly associa ted  with 
extent  of area f e r t i l i z e d .  Thirdly,  r a i n f a l l  was s i g n i f i c a n t l y  associa- 
t ed  with area  f e r t i l i z e d .  A l l  these pointed towards area f e r t i l i z e d  
being more var iable  than r a t e  of appl ica t ion .  F inal ly ,  s i g n i f i c a n t  
associa t ion  between areas  f e r t i l i z e d  with nitrogen and phosphorus 
suggested e f f o r t s  towards more balanced use of f e r t i l i z e r s .  This was 
more strongly indicated f o r  pea r l  m i l l e t  f o r  which both r a t e s  of appl i -  
ca t ion  and areas  f e r t i l i z e d  with N and P205 tended t o  move together .  
Pursuing our r e s u l t s  fu r the r ,  d i s t r i c t  est imates presented i n  
Tables 3 and 4 d id  not reveal any trend with respect to broad s o i l  types 
(Appendix I ) .  With respect t o  v a r i e t a l  d i f ferences  i n  f e r t i l i z e r  use, 
t h e  hybrid pear l  mi l l e t  d i s t r i c t s  ehowed some in t e re s t i ng  r e s u l t s .  6 
Var ie t ies  HB 1, HB 3 and HB 4 were dominant i n  5, 15 and 6 d i s t r i c t s  
respect ive ly  (Appendix I). The HB 1 and HB 4 d i s t r i c t s  showed some 
di f ferences .  In none of t h e  5 d i s t r i c t s  where HB 1 was the  d o n I i n ~ t  
var ie ty7 d id  f e r t i l i z e r  adoption exceed 50%, nor did t he  r a t e s  of 
appl ica t ion  of nitrogen and potash exceed 60 kg and 30 kg respect ive ly .  
On the  o the r  hand, t he  adoption l eve l  was above 80% in  a l l  t h e  6 d i s -  
t r i c t s  where HB 4 was the  dominant var ie ty . '  In t h ree  of these  t h e  r a t e  
of appl ica t ion  of nitrogen exceeded 60 kg and t h a t  f o r  potash exceeded 
30 kg per  hectare.  In terms of percentage a rea  f e r t i l i z e d  a l s o  the  HB 4 
d i s t r i c t s  showed supe r io r i t y ,  a rea  f e r t i l i z e d  with nitrogen exceeding 
808 in  a l l  (only one HB 1 d i s t r i c t  belonged t o  t h i s  ca tegory) .  Thus, 
even the  aggregate d i s t r i c t  l eve l  da ta  revealed r e l a t i v e l y  higher f e r t i -  
l i z e r  use parameters f o r  HB 4.  I n t e r e s t i ng ly ,  , t h i s  ranking agrees with 
experimental evidence on the  response of pea r l  m i l l e t  hybrids t o  f e r t i l i z e r  
appl ica t ion  (Bapna and Murty 1976). This lends support t o  t he  hypothesis 
6. Variety CSH 1 was d d n a n t  i n  19 out  of 21 d i s t r i c t s  s tudied  (Appendix 
I). Therefore, no variety-based analys ie  was poss ib le  f o r  sorghm. 
7. Theae d i s t r i c t s  were J a i p w ,  Chingleput (post-rainy season) ,  Guntur, 
Sangli  and Bhir. 
8. These were Nellore,  Coimbatcre, Chi t toor ,  Chingleput, Morena and 
Bellary (post-rainy season) .  
t h a t  farmers a r e  aware of t he  r e l a t i v e  responses of d i f f e r e n t  v a r i e t i e s  
and t h a t  t h i s  does a f f e c t  t h e i r  f e r t i l i z e r  use decisions.  
Fertilizer use under i r r i g a t e d  and r a in fed  conditions 
Appendix I shows t h a t  i n  s eve ra l  a reas ,  t he  HYV a r e  grown under i r r i g a t e d  
condi t ions .  From t h e  point  of view of SAT ag r i cu l tu re  i n  genera l ,  t he re  
i s  g rea t e r  i n t e r e s t  i n  monitoring t h e  s i t u a t i o n  fo r  the p r h r i l y  u n i r r i -  
gated crop which i s  quan t i t a t i ve ly  so  important.  
Tables 6 and 7 give es t imates  of ac tua l  r a t e s  of appl ica t ion  and 
percent area f e r t i l i z e d  with each nu t r i en t  under i r r i g a t e d  and un i r r iga t ed  
condi t ions .  The da t a  have been summarized in  t h e  Eorm of frequency d i r t r i -  
but ions  and these have been shown i n  Figure 1. 
Considering sorghum f i r s t ,  t h e  modal c l a s se s  f o r  N ,  P205 and K20 
appl ica t ion  were found t o  be 41-60 kg, 31-40 kg and 11-20 kg per f e r t i l i -  
zed hectare  respect ive ly  under i r r i g a t e d  condition.  Under un i r r iga t ed  
condi t ions ,  these  were 21-40 kg, 21-30 kg and 11-20 kg, respect ive ly .  The 
d i f f e r ences  between i r r i g a t e d  and un i r r iga t ed  d i s t r i b u t i o n s  (Fig 1) were 
not  so sharp with respect  t 0 . N  r a t e s  and more than half  t h e  number of d i r -  
t r i c t s  f e l l  i n  t h e  above modal c l a s se s .  The areas  f e r t i l i z e d  with N ,  
P205 and K2Owere c l e a r l y  lower under un i r r iga t ed  conditions though with 
respect  t o  t h i s  parameter a l s o ,  the  case of nitrogenous f e r t i l i z e r s  was 
not  so sharply defined and a  s i g n i f i c a n t  number of d i s t r i c t s  had more 
than 80% coverage under nitrogenous f e r t i l i z e r s  even under un i r r iga t ed  
condi t ions .  
For pea r l  m i l l e t  (Table 7 )  t h e  modal c l a s se s  fo r  N ,  P2O5 and K20 
app l i ca t ion  were 41-60 kg, 21-30 kg, and l e s s  than 10 kg pe r  f e r t i l i z e d  
hectare  under i r r i g a t e d  conditions and 21-40 kg, l e s s  than 20 kg and 
l e s s  than 10 kg per  f e r t i l i z e d  hectare  respect ive ly  under ra infed  condi- 
t i ons .  I t  was a l s o  noted t h a t  a  s i g n i f i c a n t  number of d i s t r i c t s  belonged 
t o  t he  above modal c l a s se s  f o r  N and P205 appl ica t ion  r a t e s .  With 
respect  t o  area  f e r t i l i z e d ,  t h e  uni r r iga ted  d i s t r i b u t i o n s  c l ea r ly  indi -  
cated r e l a t i v e l y  lower values.  
The conclusions a r e  summarized i n  Table 8. Figure 1 and Table 8 
c l e a r l y  i nd ica t e  higher f e r t i l i z e r  use parameters f o r  un i r r iga t ed  sorghrnn 
a s  compared to p e a r l  m i l l e t .  Under i r r i g a t e d  condi t ions ,  though t h e  
modal values f o r  t h e  two crops presented in  Table 8 a r e  s imi l a r ,  t h e  
Table 6. Fertilizer use on HYV of sorghum under-irrigated and unir r igated conditions i n  d i f f e r e n t  
d i s t r i c t s  (1973-74) 
Rate of appl ica t ion per  f e r t i l i z e d  Percent a rea  f e r t i l i z e d  with d i f f e r e n t  
D i s t r i c t  (S ta t e )  hectare  (kg) nu t r i en t s  I r r i g a t e d  crop Dnirrigated crop I r r iga t ed  crop Unirrigated crop 
N P205 K20 N P2O5 K20 N P205 K20 N P205 K20 
Jalgaon (Mah) 
Ahmadnagar (Mah) 



















Source: Unpublished tabula ted r e s u l t s  of IASRI assessment survey 1973-74 
a. Post-rainy season crop. 
b. Estimate no t  reported, based on very few observations.  
NA - not  appl icable .  
Table 7. F e r t i l i z e r  use on HYV oE p e a r l  m i l l e t  under i r r i g a t e d  and un i r r i ga t ed  condi t ions  i n  d i f -  
f e r en t  d i s t r i c t s  (1973-74) 
Rate of  application p e r  f e r t i l i z e d  Percent  a r e a  f e r t i l i z e d  with d i f f e r e n t  
hec t a r e  [kg) n u t r i e n t s  D i s t r i c t  (S t a t e )  I r r i g a t e d  crop  I in l r r iga ted  crop I r r i g a t e d  crop  Unirrigated crop 
N P205 K20 N P205 K20 N P205 K20 N P205 K20 
Exanaskantaa (Gu j) NA NA NA 49 0 O NA NA NA 23 0 0 
Kairaa (Guj) 37 45 0 35 38 0 69 19 0 80 8 0 
Rajkota (Guj) 38 42 0 22 23 0 87 53 0 73 50 0 
Aissara  (Har) 46 61 c c 0 0 6 7  3 c c 0 B- 
Rohtaka (Bar) 47 0 0 23 0 0 9 2  0 0 21 0 0 
Ja ipura  (Raj 37 0 o 34 16 0 7 2  0 0 70 60 0 
Aurangabada (Mah) c c c 30 19 18 c c c 35 26. 16  
Parbhani (Mah) NA NA NA ?7 12 12 NA NA NA 29 16 16 
Bh i r a  (Mah) c c c 25 17 1 6 c c  c 20 18 18  
Jalgaona (Mah) c c c 32 21 8 c c  c 77 56 2 1 
Ahmadnagara (Mah) 67 40 17  57 27 49 93 35 10 66 15 4 
Sang l i  (Mah) 60 c c NA NA NA 47 c c NA NA N A 
sholapur  (Mah) 28 c c c 0 0 31 c c c 0 0 
norenaa (MP) 71 25 0 48 38 0 100 100 0 91 76 0 
Guntur (AP) 65 28 16  c 0 0 64 64 45 c 0 0 
Ch i t t oo r  ( A P )  76 34 32 NA NA NA 99 54 46 NA NA NA 
Nellord (AP) 41 22 1 8  NA NA NA 91  67 41 NA NA N A 
Coimbatore (TN) 99 42 33 NA NA NA 91 74 66 NA NA NA 
coimbatoreb (m-I 49 26 21 NA NA NA 94 67 67 NA NA NA 
nadura i  (TN) 35 19 19 c c c 81 62 62 c c c 
uaduraib (TN) 18  6 6 0 0  0 91  50 50 0 0 0 
T i rune lve l i a  (TN) 77 30 30 20 13 13  87 38 38 48 48 48 
~ i r u n e l v e l i ~ ' ~  (TN) 32 0 0 28 c c 1 3  0 0 54 c c 
Chingleput (TN) 44 31  27 NA NA NA 94 77 74 NA NA NA 
4 9 2 6  21  c c c 94 67 67 C C , - chingleputb  (TN) 
~ e l l a r y ~  ( K a r )  64 30 26 NA NA NA 98 83 79 NA NA NA 
Source: Unpublished tabula ted  r e s u l t s  of  IASRI assessment survey 1973-74. 
a. Tradi t iona l ly . impor tan t  p e a r l  m i l l e t  producing d i s t r i c t s .  
b. Post-rainy season crop. 
c. E s t m a t e  not  repor ted ,  based on very few observations.  
NA - not appl icable .  
FIGURE 1 
DISTRIBUTION OF DISTRICTS ACCORDING TO RATE OF FERTILIZER APPLICA- 
TION AND PERCENTAGE AREA FERTILIZED UNDER IRRIGATED AND UNIRRI- 
GATED CONDITIONS FOR H Y V OF SORGHUM AND PEARL MILLET 
( 1973 - 74 ) 
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ove ra l l  distribution shown in  Fig 1 indica ted  somewhat h lgher  l eve l  of 
nitrogen use f o r  pea r l  m i l l e t  hybrids.  Comparison of f e r t i l i z e d  a reas  
under irrigated and un i r r iga t ed  condi t ions  revealed t h a t  t he  a r eas  f e r -  
t l l i z e d  with P205 and K20 iecorded sharper  dec l ines  a s  compared t o  t h e  
a r ea  f e r t i l i z e d  with N.  Thia follows from t h e  f a c t  t h a t  t he re  i s  an e l e -  
ment of f l e x i b i l i t y  f o r  n i t rogen appl ica t ion  (it can be applied during 
post-sowing s t ages  a l s o )  but f o r  t h e  o the r  two n u t r i e n t s  it i s  not eo. 
Table 8. Modal c l a s se s  f o r  r a t e  of f e r t i l i z e r  appl ica t ion  and percent-  
age area f e r t i l i z e d :  1WV of sorghum and pea r l  m i l l e t ,  1973-74 
Modal c l a s se s  f o r  r a t e  Modal c l a s se s  f o r  
C r o p  F e r t i -  of appl ica t ion  (kg per percentage AYV a r ea  l i z e r  f e r t i l i z e d  hec t a re )  f e r t i l i z e d  ( O )  
I r r i g a t e d  Unir r iga ted  I r r i g a t e d  Unir r iga ted  
Sorghum N 41 - 60 21 - 40 > 80 > 60 
P205 31 - 40 21 - 30 > 80 < 40 
K2 0  11 - 20 11 - 20 61 - 80 < 40 
Pear l  Mil le t  N 41 - 60 21 - 40 > 80 61 - 80 
P205 21 - 30 ': 20 61 - 80 < 10 
'(20 < 10 < 10 41 - 80 < 10 
The modal r a t e s  presented in  Table 8 compared favorably with those 
repor ted  f o r  d i f f e r e n t  s t a t e s  by t h e  National Council of Applied Economic 
Research (NCAER 1978) f o r  1975-76. The 1969-71 es t imates  f o r  sorghum 
(Al l - India)  a l s o  belonged t o  t h e  modal c l a s se s  obtained in t h i s  study 
(NCAER 1974).  Whlle t h i s  improves our  confidence in  these es t imates ,  
t h i s  comparison a l s o  sugges ts  t h a t  r a t e s  of fertilizer appl ica t ion  t o  
t hese  crops d id  no t  record any s i g n r f i c a n t  ga ins  over 1969-70 t o  1975-76. 
We s h a l l  come back t o  t h i s  l a t e r .  
S t r a t i f i c a t i o n  of these  da t a  by major s o i l  types  revealed t h a t  
genera l ly  ;he r a t e s  of f e r t i l i z e r  appl ica t ion  t o  un i r r iga t ed  sorghum were 
h igher  on black s o i l s  a s  compared t o  red and l a t e r i t i c  s o i l  group6 -- 
medium black s o i l s  f a r i n g  b e t t e r  than shallow black s o i l s .  For p e a r l  
m i l l e t ,  t h e  un i r r iga t ed  r a t e s  were higher on a l l u v i a l ,  grey-brown and 
black s o i l s  a s  compared t o  mixed red and black,  red and red and l a t e r i t i c  
s o i l s .  These t r ends  are i n  l i n e  with t h e  moisture holding capac i t i ee  of 
d i f f e r e n t  s o i l s .  
Sumaning up,  t h e  a n a l y s i s  of  adoptlon l e v e l s  and a p p l i c a t i o n  r a t e s  
revealed t h e  fol lowing:  ( a )  A s u b s t a n t i a l  p ropor t ion  of farmers growing 
HYV of sorghum and p e a r l  m i l l e t  used f e r t i l i z e r s  on t h e s e  crops.  What is 
more impor tan t ,  they used f & t i l i z e r s  f o r  t h e  r a i n f e d  crops a l s o .  
(b) There was evidence t o  show t h a t  i n  some d i s t r i c t s  a t  l e a s t ,  l o c a l  
v a r i e t i e s  of these  crops were a l s o  f e r t i l i z e d .  ( c )  High spread of  t h e  
HYV d i d  no t  always lead  t o  h igher  r a t e s  of f e r t i l i z e r  a p p l i c a t i o n  b u t  
spread of HYV and e x t e n t  of  crop a r e a  f e r t i l i z e d  were p o s i t i v e l y  c o r r e l a t e d .  
This  implied t h a t  d e c i s i o n s  t o  use f e r t i l i z e r s  and s u p e r i o r  v a r i e t i e s  were 
r e l a t e d  but  d e c i s i o n s  regarding r a t e s  of a p p l i c a t i o n  were probably taken  
with o t h e r  cons idera t ions  i n  view. (d)  The s t a t u s  of s o i l  mois ture  
appeared t o  be important  i n  f e r t i l i z e r  use d e c i s i o n s .  Accordingly, r a i n -  
f a l l  and i r r i g a t i o n  both appeared t o  i n f l u e n c e  f e r t i l i z e r  use.  ( e )  There 
was some evldence t o  suggest  t h a t  farmers considered t h e  r e l a t i v e  responses 
of d i f f e r e n t  v a r i e t i e s  i n  making t h e i r  f e r t i l i z e r  use d e c i s i o n s .  ( f l  The 
r a t e  of application a s  wel l  a s  t h e  a r e a  f e r t i l i z e d  with d i f f e r e n t  n u t r i e n t s  
was lower under u n i r r i g a t e d  condi t ions  r e s p e c t i v e l y  f o r  bo th  t h e s e  crops.  
The modal r a t e s  of a p p l i c a t i o n  of n i t rogen  were 40-60 kg and 21-40 kg p e r  
f e r t i l i z e d  h e c t a r e  under i r r i g a t e d  and ur i i r r iga ted  c o n d i t i o n s .  The u n i r r i -  
ga ted  r a t e s  were somewhat h igher  f o r  sorghum whi le  t h e  i r r i g a t e d  r a t e s  were 
h iqher  f o r  p e a r l  m i l l e t .  Applicat ion of phosphorus and potash  was more 
widespread f o r  sorghum. Under u n i r r i g a t e d  c o n d i t i o n s ,  howevcr, t h e  e x t e n t  
of  a rea  f e r t i l i z e d  with t h e s e  n u t r i e n t s  was s u b s t a n t i a l l y  lower,  p a r t i c u -  
l a r l y  i n  pear l  m i l l e t  d i s t r i c t s .  ( 9 )  Wide i n t e r d i s t r i c t  v a r i a b i l i t y  was 
no t iced  i n  t h e  f e r t i l i z e r  use parameters  f o r  both t h e s e  c rops ,  under- 
scor ing  t h e  need t o  study t h e  detcrminants  of t h i s  v a r i a b i l i t y  and a l s o  
t h e  adaptability and response behavior of  d i f f e r e n t  HYV i n  g r e a t e r  d e t a i l .  
I n  t h e  fol lowing c h a r t ,  d i s t r i c t s  have been c l a s s i f i e d  i n t o  9 c a t e -  
g o r i e s  r e p r e s e n t i n g  combinations of h igh ,  medium and low r a t e  and a r e a  
fertilized v a r i a b l e s  ( f o r  n i t rogen  o n l y ) .  Four of t h e s e  a r e  of s p e c i a l  
i n t e r e s t  from a  d i a g n o s t i c  po in t  of view. We b e l i e v e  t h a t  t h i s  c l a s s i f i -  
c a t i o n  a r i s e s  from t h e  i n t e r a c t i o n  of  t echnologica l  and i n s t i t u t i o n a l  
f a c t o r s .  A v a i l a b i l i t y  of r e g i o n a l l y  adapted ,  f e r t i l i z e r - r e s p o n s i v e  
v a r i e t i e s  determines r a t e s  of f e r t i l i z e r  a p p l i c a t i o n  and adequacy of  
i n s t i t u t i o n a l  i n f r a s t r u c t u r e  ( c r e d i t ,  f e r t i l i z e r  r e t a i l  t r a d e ,  e t c . )  
in f luences  t h e  e x t e n t  of crop a r e a  rece iv ing  f e r t i l i z e r s .  Based on t h i s  
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reasoning ,  t h e  H i 9 1  PATE-HIGH SPREAD ca tegory  r e p r e s e n t s  a  d e s i r a b l e  
s i t u a t i o n ,  f i ivorah l~ ,  endowed wlth both f a c t o r s .  I n  t h e  H I G H  RATE-LOW 
SPW:AD d i s t r i c t s  (Cdtegory III), i n s t i t u t i o n a l  inadequacy i s  i n d i c a t e d .  
The IIIW I.ATI..-FIT ; I {  ::i.it~:hfi d i s t r l c t s  (Category VII)  seem t o  have good 
i n s t i t u t i o n a l  ~ r f r o r , ~ r u c t u r e  hu t  l a c k  a s u i t a b l e  f e r t i l i z e r  respons ive  
v a r i e t \ , .  'r'!,r Lr7C.J I:\'I'F:-I.OW SPWhD d i s t r i c t s  (Category IX) have both 
prottlrmr;. 7'',11c', I I i s  p o s s i b l e  t o  i d e n t i f y  a r e a s  where t e c h n o l o g i c a l  
o r  i r ~ s t i t u t j o r l a l  c r  bo th ,  f a c t o r s  p l a y  an i n h i b i t i n g  r o l e  i n  c o n t e x t  of  
f e r t l l i  zer u?e.  
This  ci~irrL .,t.ows t h a t  i n  29 o u t  of 35 d i s t r i c t s  under t h e  i r r i g a t e d  
category (I G: 1 1  c.1 c.;., ~ n c l u d o d )  , tlrc spread  was high.  In  n e a r l y  one- th i rd  
of t h e  d i s t ~ i c t ~  L : I P  r a t e s  were low. This  underscored t h e  technology 
f a c t , ~ r  a s  1 1 . .  r l f l  I-.,)? b: impor tan t .  Under r a i n f e d  c o n d i t i o n s ,  both t h e  
factor:; i ! ] i j ~ C i l J l  d '-0 be ~ m p o r t a n t .  One must i n v e s t i g a t e  r e g i o n a l  v a r i a -  
t i o n  i n  r e s l x ~ : ' : ~ ,  rjr d ~ f f e r e n t  h igh  y i e l d i n g  v a r i e t i e s  t o  f e r t i l i z e r  
appl lca t io r i   wid^^ . r r l g a t e d  a s  well  a s  r a i n f e d  c o n d i t i o n s )  t o  come up 
with !irm rol c i ~ . . . ~ ,  :IS t ' u t  even t h i s  s imple a n a l y s i s  shows t h a t  a l l  t h e  
v a r i e t l q , : ~  t ~ c i r l ~ i  ,.ri:,ptcd by fanners  a r e  n o t  respons ive  t o  high f e r t i l i z a -  
t i o n  riitfss. 
3 .  I t = r l ~ '  I u - .  In ~ r r i q d t e d  cropc 
- - 
I t  has hren u r  i i i c t i  (Jodha 1973) t h a t  c rops  l l h e  sorghum and p e a r l  m l l l e t  
r e c r r v e  5 c r u l t  attention In  t e r n s  of use of  modern l n p u t s  p r l m a r l l y  because 
of t h c l r  low r t rpc l t>se ,  low-value n a t u r e .  I t  has been shown (Desai 1969) 
t h a t  formc~rs '  f e r t l l l z e r  use d e c l s l o n s  a r e  based on p r o f ~ t a b l l i t y  of r e s -  
ponse.,, and under conciitlons of l r m ~ t e d  a v a i l a b l l l t y  of worklng c a p l t a l ,  
r a r e l y  f a v o r  thc ic  c l o p s .  In t h i s  s e c t l o n  we l n v e s t l q a t e  whether t h e  
advent  of f e r t l l l z r r  responsive MYV has made a difference l n  t h i s  t r a d l -  
t l o n a l  s e t t l n g ,  by l o c > h ~ n g  at f e r t l l l z e r  ( n ~ t r o g e n )  use on l r r l g a t e d  HYV 
of sorghum and p e a r l  m l l l r t  or! one hand and t h a t  on HYV of relatively 
hlgher-valued l r r i q a t e d  c e r e ~ l s  l l k r  r l c e  o r  wheat on t h e  o t h e r  I n  t h e  
same d l s t r l c t .  
r l g u r e  2 sl~ows t h e  r a t e  of a p p l l c a t l o n  and p e r c e n t  a r e a  fertilized 
wlth n i t r o g e n  f o r  l r r l g a t e d  sorghum, p e a r l  m l l l e t ,  and r i c e  o r  wheat I n  
d i f f e r e n t  d l s t r l c t s .  Appendlx I1 slrows t h e  use  l e v e l  of n r t r o g e n  on r i c e  
o r  wheat i n  a l l  t h e  d i s t r l c t s .  
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A t  f i r s t  glance,  t h e  f e r t i l i z e r  use values f o r  i r r i g a t e d  sorghum, 
pearl  m i l l e t ,  and rlce/wheat appear c lus tered  together .  Closer 
scrutiny, however, allows some discrimination.  The two groups of crops 
-- m i l l e t s  arld superior ce rea l s ,  a r e  not c l ea r ly  d is t inguishable  with 
respect  t o  the  area f e r t i l i . z ed  parameter. In both cases ,  most of t he  
observatu>ns are  c lus tered  above the  60% l eve l .  The f igu re  thus indica ted  
t h a t  ~ n ~ d e r  assured environment, farmers resor ted  t o  high extent  of f e r t i -  
l i z a t i o n  for  a l l  crops. The mean percentage areas  f e r t i l i z e d  f o r  sorghum 
and the  super2t.r cerea ls  were not found t o  be s t a t i s t i c a l l y  d i f f e r e n t  from 
each other  t ~ u t  f c ~ r  pear l  m i l l e t ,  t he  values were found t o  be s ign i f i can t ly  
lower ( t  : L ' . t c ? ,  (1s 20)  as  compared t o  r i c e  o r  wheat. This d i f f f e r ence  wan 
a l so  s i q n l f ~ ( , a r ~ t  when observations f o r  both sorghum and pea r l  m i l l e t  were 
pooled ( t  - 3. '>9, df 34) .  Thus, even though the  areas f e r t i l i z e d  were high 
f o r  both groiips of i r r i g a t e d  crops,  t h e  super ior  ce rea l s  fared  r e l a t i v e l y  
b e t t e r .  
With rvgarb t,o r a t e s  of nitrogen appl ica t ion ,  Figure 2 showed t h a t  
t h e  r a t e  w d ! ~  ?e:,i; than 50 kg  per f e r t i l i z e d  hectare  i n  only 6  (out  of 33) 
d i s t r i c t s  f(+r tllc supericlr ce rea l s .  The fiorghum and pear l  m i l l e t  r a t e s  
were below ~ L I  L:II i r i  2 1  (out  of 3 4 )  d i s t r i c t s .  The mean r a t e s  of applica- 
t i on  f o r  t h e  two groups of crops were found t o  be s ign i f i can t ly  d i f f e r e n t  
from e,~cli otlicr (t = 2 . 7 4 ,  df 13 f o r  sorghum; 4.45, df 20 f o r  pea r l  
m i l l e t ;  3 . 5 9 ,  d i  34 f o r  merged sorghum and pea r l  m i l l e t ) .  Thus, commen- 
su ra t e  with rr!lat ive responses t o  f e r t i l i z a t i o n ,  the  r a t e s  of appl ica t ion  
were lower fcrr sorgh~un and pear l  m i l l e t  as  compared t o  those f o r  r i c e  o r  
wheat. 
This analys is ,  thereform, reveals  t h a t  the  m i l l e t s  a r e  f e r t i l i z e d  a t  
lower l eve l s  under i r r i g a t e d  conditions. [lowever, it should be noted 
t h a t  the  absolute l eve l s  of f e r t i l i z e r  use f o r  these crops a r e  not very 
low. We have reported e a r l i e r  t h a t  they claim a  share i n  i r r i g a t i o n  a s  
well a s  f e r t i l i z e r s  -- the  most c r i t i c a l  lnputs i n  SAT ag r i cu l tu re .  
Clearly t he  main i ssue  is a v a i l a b i l i t y  of regional ly  adapted, high 
y ie ld ing v a r i e t i e s  which are  highly responsive t o  modern inputs .  In 
areas  where these have been made ava i l ab l e ,  the  m i l l e t s  compare favorably 
with t he  super ior  cerea ls .  One unambiguously comes t o  t he  conclusion 
t h a t  t h e  c r i t i c a l  research task so f a r  a s  these crops a r e  concerned i s  
development of such v a r i e t i e s .  
4 .  Trend i n  f e r t i l i z e r  use 
In order t o  provlde an idea of t h e  p a t t e r n  of d i i f u s i o n  of f e r t i l i z e r  w e  
and a l s o  of t h e  firmness of t h e  e s t h a t e s  presented in  t h e  e a r l i e r  sac t ionr  
we looked a t  the  t rend  i n  f e r t i l i z e r  use over time. Data on f e r t i l i z e r  use 
parameters were ava i lab le  f o r  6-7 years conti.nuously f o r  only e i g h t  d i r t r i c t o .  
Sorghum crop was covered i n  Mmdsaur, Akola, Shimoga (rainy season) and Shlmoga 
(post-rainy season) and pear l  m i l l e t  i n  Ja ipur ,  Icaira, Hissar  and Aurangabad 
d i s t r i c t s .  Figure 3 shows t h e  changes over time in  r a t e s  of appl ica t ion  per  
f e r t i l i z e d  hec ta re  and percentage a reas  f e r t i l i z e d  with nitrogenous f e r t i l i r e r o  
f o r  these two crups and a l s o  f o r  i r r i g a t e d  r i c e  ( o r  wheat) in  these d i s t r i c t s .  9 
The following important tendencies a r e  revealed by t h e  f igure :  
(a )  In general ,  Figure 3 revealed no systematic t rend e i t h e r  i n  r a t e r  
of fertilization o r  percentage areas f e r t i l i z e d  f o r  HYV of sorghum and p e a r l  
mi l le t .  The HYV of o ther  irrigated cerea ls  -- r i c e  o r  wheat, in  t h e i r  
traditional production areas -- Shimogs, Mandsaur and Hissar ,  showed 
grea te r  stability, p a r t i c u l a r l y  rrith regard t o  area f e r t i l i z e d .  Looking a t  
t h e  posl t lori  In Shlmoga where the  sorghum HW were grown e i t h e r  as  i r r i g a t e d  
crop (post-ralny season) o r  under condit ions of high and s t a b l e  r a i n f a l l  
( ra lny  season) ,  the s t a b l l l z i n g  r o l e  of  adequate moisture availability 
even f o r  t h l s  crop is c l e a r l y  brought ou t  -- t h e  r a t e s  a r e  higher and t h e  
percentage area f e r t i l i z e d  i s  high and s t a b l e  a s  compared t o  the  o ther  two 
sorghum d i s t r i c t s .  B u t  f o r  pear l  m l l l e t ,  t h i s  explanation does not seem t o  
hold. Hlssar  i s  a  predominantly i r r i g a t e d  llYV growlng d i s t r i c t  and 
Figure 3 d l d  not  reveal  a  high o r  s t a b l e  pa t te rn  in t h ~ s  d i s t r i c t .  We 
have too few d i s t r i c t s  t o  draw conclusions but  the  Hissar case does 
suggest the  need t o  look f o r  o ther  var iab les  l i k e  seasonal condit ions,  
pes t  and d isease  ~ n c i d e n c e ,  e tc .  t o  obtain a f u l l e r  understanding of 
temporal v a r i a h l l l t y  in  the  f e r t i l i z e r  use parameters. 
In o t h e r  d l s t r r c t s ,  fertilizer use f o r  both t h e  categories of crops 
-- m i l l e t s  a s  well a s  super ior  c e r e a l s ,  was f luc tua t ing  though one d id  
note a s t a b l e  (area f e r t i l i z e d  in  Kalra) o r  r i s i n g  ( r a t e  i n  Akola and 
Ja lpur )  t rend  f o r  wheat in  some d z s t r i c t s .  The d i f fus ion  of f e r t i l i z e r s  
on crops l i k e  sorghum and m i l l e t ?  o r  even i r r i g a t e d  crops in  a reas  where 
9. These da ta  were not  available separa te ly  f o r  i r r i g a t e d  and uni r r iga ted  
crops. Figure 3 i s  thus based on average values.  One needs t o  note,  how- 
ever  t h a t  i n  Mandsaur and Akola (sorghum) and Aurangabad (pear l  m i l l e t ) ,  
t h e  HW were grown pr imar i ly  as ra infed  crop. In Shimoga (post-rainy 
season 8 0 ~ g h ~ )  and Hissar  ( p e a r l  m i l l e t ) ,  on t h e  o ther  hand, i r r i g a t e d  
HYV was dominant. This does provide some scope f o r  analyzing i r r i g a t e d  
and ra infed  crops. 
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t h e  i r r i g a t i o n  source and t h e  environment a r e  unstable1' d id  not  s e m  to 
follow the  c l a s s i c a l  sigmoid route.  I t  should a l so  be noted t h a t  in more 
than ten  years  (beginning 1965-66) f e r t i l i z e r  use has not spread over t h e  
e n t i r e  HYV a rea  under s o r g h h  and pea r l  m i l l e t  i n  most of t he  uni r r iga ted  
producing d i s t r i c t s .  It was noted (data  not presented here) t h a t  t he re  war 
considerable year-to-year va r i a t i on  i n  t h e  proportion of f e r t i l i z e r  uaera 
a lso .  A l l  these  f ac to r s  imparted i n s t a b i l i t y  t o  t h e  f e r t i l i z e r  use para- 
meters. We hypotheriee t h a t  t h i s  i n s t a b i l i t y  i s  pr imar i ly  c a u ~ e d  by var ia-  
t i on  i n  seasonal conditions conducive t o  f e r t i l i e e r  ure. Later i n  t h i a  
s ec t ion ,  t h i s  hypothesis i s  examined fu r the r .  
(b) Figure 3 a l s o  s h w s  t h a t  t h e  percentage area fert i1im.d had 
r e l a t i v e l y  lower v a r i a b i l i t y  over time i n  d i n t r i c t s  where it had a t ta inod 
high l e v e l s  ( a s  i n  Shimoga f o r  ra iny and post-rainy nearon sorghum and 
Kaira f o r  pea r l  m i l l e t ) .  These seem t o  represent  areas where f e r t i l i c e r  
has been accepted a s  an e s s e n t i a l  component of the  production technology 
f o r  HYV. Several f a c t o r s  -- a w i l a b i l i t y  of adequate s o i l  moisture, 
b e t t e r  adap tab i l i t y ,  super ior  response, lower disease/peet incidence,  
e t c .  could be responsible f b r  t h i s ,  Mher  d i s t r i c t s  with lower coverage 
(Mandsaur, Akola, Aurangabad, Hissar and Ja ipur)  represented r e l a t i v e l y  
uncertain response s i t u a t i o n s  where both area  f e r t i l i z e d  and r a t e s  f luc-  
tua ted  o f t en  i n  t h e  snme d i r ec t ion .  
( c )  ~he ' t endency  f o r  t h e  area  f e r t i l i z e d  to become s t ab l e  a s  it 
reached a high l eve l  (as  i n  most d i s t r i c t s  f o r  i r r i g a t e d  rice/wheat HYV 
and a l e o  f o r  sorghum i n  Shimoga and pea r l  mi l l e t  in Kaira) ,  suggerted 
the  hypotheses t h a t  during i n i t i a l  ntages of adoption, one muat look a t  
t h e  a r ea  f e r t i l i z e d  parameter. Later ,  when adoption i s  widespread, 
f l uc tua t ions  i n  f e r t i l i z e r  use hecame rate-dominated. 
(d)  Even though ~ i g u r e  3 showed s ign i f i can t  i n t e ryea r  va r i a t i ons ,  
t he  1973-74 da t a  t h a t  were presented in the  e a r l i e r  sec t ion  were not  
a typ ica l .  Most of t he  r a t e  values i n  t he  f i gu re  ranged between 35 kg 
t o  50 kg pe r  hectare ,  i r r i g a t e d  post-rainy aeason sorghum in  Shimoga an 
exception.  Since 1973-74, the  r a t e  h8.a f a l l e n  s ign i f i can t ly  only in  
Mandaaurj i n  o the r  d i a t r i c t n ,  they have remained more o r  l a e r  in t h e  
10. It m y  be n o b d  t h a t  in Akola, Aurangabad and Kaira, wheat c u l t i -  
va t ion  ham aarunwd hpor t anoe  only recent ly .  
same modal c l a s s .  The a rea  f e r t i l i z e d  has ,  however, shown a s i g n i f i c a n t  
dowr~wald trer.d rn several  d i s t r i c t s .  Thus, while t h e  nodal r a t e  e s t i m a t e s  
presented In Tatxles 7 and 8 appear t o  be f a i r l y  f i rm,  one cannot say t h e  
same f r r  t t  e a r r a  fertilized parameter. 
( e )  The yor. lr lon In 1974-75 1 s  of s p e c l a l  i n t e r e s t  because f e r t i l i z e r  
p r l c e s  went up ? u l s t a n t l a l l y  durrnq t h r s  year .  Figure 3 revealed t h a t  t h e  
r a t e  of  c r p r l l ~ c ~ t l o n  f o r  sorghum and m i l l e t  went down i n  4 d i s t r i c t s  
(Mandsaur, A k r l a ,  Aurangahad and Hlssar )  and rn 5 (Mandsaur, Aurangabad, 
F11b5ar, J a ~ p r ~ r  and Sh~rnoqa, razny season) t h e  a r e a  f e r t i l i z e d  dec l ined  a s  
compared t o  1 '871 -74 .  I t  fol lows t h a t  one must look a t  both t h e  parameters  
t o  g e t  a  r s o r r r c t  p l c t u r e  of farmers '  response t o  p r i c e  changes. Even then  
Shl~noga ( f o r  1,oth ra lny  and pos t - ra iny  season sorghum), Rkola (sorghum) and 
Kalra ( ~ ~ r a r l  n ~ l l l e t )  stood out  a s  exceptional  d i s t r i c t s  recording increasee  
In  dveraur l c v ~ l  r r i  nitrogen used per h e c t a r e  i n  1974-75. Fur ther  a n a l y s i s  
revealed (da ta  not presented her r l  t h a t  In  these  d i s t r i c t s  t h e r e  was a sub- 
h t a n t l a l  u t c l l ~ ~ e  In t h e  a rea  under hlgh y l e l d i n g  varieties, lmplying reduc- 
t i o n s  In  t o t a l  quant i ty  of fertilizer used. Thus, adjustment t o  p r i c e  and 
o ther  cb,an~f~:i ~r.'i?med t o  have s e v e r a l  dimensions. 
( f l  Srune rrjqression r e s u l t s :  I t  has been suggested e a r l i e r  t h a t  
seasonal i:oi.di t l o n s  ( r a i n f a l l ,  occurrence of p e s t s / d i s e a s e s ,  e t c . )  could 
p lay  :I r o l e  I n  ! armers ' f e r t i l i z e r  use d e c i s i o n s  f o r  u n i r r i g a t e d  crops.  
An attempt wd!; made Lo study t h e  relationship between f e r t i l i z e r  use on 
IiYV of sorgllum and pear l  m i l l e t  and seasonal  (June t o  Auyust) r a i n f a l l  on 
t h e  b a s i s  o f  four y e a r s '  da ta  (1370-71 t o  1973-74) f o r  17 r a i n y  season 
s o r q h m  and 10 ra iny  season p e a r l  m i l l e t  d i s t r i c t s . ' '  The Annual Reports 
f o r  different years  a l s o  provided information on borrowings f o r  a g r i c u l t u r a l  
purposes arid w e  have a l s o  .~ncludc:d t h i s  v a r i a h l e  a s  an i n d i c a t o r  of c r e d i t  
avai1aLil i t .y i n  t h e  regress ion  model. This model thus  hypothesized t h a t  
seasonal  conditions and c a p i t a l  were t h e  main determinants  of f e r t i l i z e r  
use on t h e s e  crops.  1.agged output  p r i c e  was a l s o  considered i n i t i a l l y  b u t  
t h i s  a d  no t  emerge significant l n  any case and was subsequently dropped. 
The d isease /pes t  v a r i a b l e  could no t  be included because t h i s  information 
was no t  ava i la l> le .  
11. The choice of  ttiese d i s t r i c t s  was exc lue ive ly  determined by coverage i n  
a l l  t h e  four  y e a r s .  Tlie sorghum d i s t r i c t s  were Belgaum, Bel la ry ,  Mysore, 
Shimoga, Ja lgaon ,  S a t a r a ,  S a n g l i ,  Aurangabad, Parbhani ,  Bhi r ,  Handed, OsmaM- 
bad, Buldhana, Akola, Amravati, Wardha and Nagpur. The p e a r l  m i l l e t  d i s -  
t r i c t s  were Guntur, Nel lore ,  C h i t t o o r ,  Jalgaon,  Aurangabad, Bhi r ,  Hissar ,  
l b h t a k ,  Chingleput and Coimbatore. 
Slx var iables  were used t o  i nd ica t e  the  f e r t i l i e e r  use l eve l .  
These were: (i) percentage of farmers using f e r t i l i z e r  (ADOPTION), 
(il) Average r a t e  of appl ica t ion  of N+P20g+K20 in kilograms per hectare  
of crop area  (AVNPK), ( i i i ) ~ r a t e  of appl ica t ion  of nitrogen i n  kg per  
f e r t i l i z e d  hectare  (NRATE), ( i v )  r a t e  of appl ica t ion  of phosphorus i n  
kg per f e r t i l i z e d  hectare  (PRATE), (v) percentage area f e r t i l i z e d  with 
nitrogen ( N A H E A ) ,  and ( v i )  percentage area  f e r t i l i z e d  with phosphorus 
(PAREA). Ralnfa l l  during the  growth period (June t o  August) i n  m i l l i -  
meters (JUNAUZRF) was used a s  one of the  explanatory var iables .  For the  
AmPTION decision, r a i n f a l l  during sowing and presowing period i s  
re levant  and, t he re fo re ,  we considered r a i n f a l l  during June-July (nun) 
only i n  t h i s  equation.  The o ther  independent var iable  used was the  
average bcrrowing per cu l t i va to r  f o r  ag r i cu l tu ra l  purposes (CREDIT) 
during the  season i n  rupees. These two var iables  were regressed agains t  
each of the  s i x  dependent va r i ab l e s  mentioned above. 
D i s t r i c t  l eve l  es t imates  on these  var iables  were ava i l ab l e .  In 
vlew of t h e  l imi ted  number of years available fo r  each d i s t r i c t ,  da ta  
f o r  a l l  sorghum and a l l  pear l  m i l l e t  d i s t r i c t s  were pooled and regres- 
s ions  were estimated f o r  each crop using the  errcrr components model 
(Wallace and Hussain 1969, Barah 1976) .12 These equations a r e  presented 
i n  Table 9. 
The r e s u l t s  i nd i ca t e  t h a t  the  r a t e  of application was not s i g n i f i -  
cant ly  influenced by r a i n f a l l  o r  c r e d i t  var iables  (PRATE equation f o r  
sorghum being an exception where the  coe f f i c i en t  fo r  c r e d i t  appeared 
s i g n i f i c a n t ) .  Both these va r i ab l e s  exercised s ign i f i can t  pos i t i ve  
inf luence  over adoption and area  f e r t i l i z e d  decisions.  I t  follows t h a t  
low r a i n f a l l  and inadequate c a p i t a l  r e s t r i c t e d  f e r t i l i z e r  use on HYV 
sorghum and pea r l  m i l l e t .  The r e s u l t s  came out l e s s  s t rongly  f o r  pea r l  
m i l l e t .  In seven out  of ten  d i s t r i c t s  f o r  t h i s  crop, the  hybrids were 
grown under r r r i ga t ed  conditions (Appendix I )  and t h i s  may have a f f ec t ed  
t h e  r a i n t a l l  variable. These r e s u l t s  suggest t h a t  f e r t i l i z e r  extension 
programs f o r  these  crops must be backed with adequate c r e d i t  and must 
provide f o r  f l e x i b i l i t y  t o  ad jus t  according t o  seasonal conditions.  I t  
is appropr ia te  t h a t  research  recomendationa on f e r t i l i z e r  use do ampha- 
size t he  f l e x i b i l i t y  element now (Vijayalakshmi 1979, Singh 1979). 
12.  The regress ions  were estimated a t  t h e  ICRISAT Computer Center w i t h  t h e  
help of t ho  COHTAC (Combining Time Se r i e s  and Cross Sect ion)  package. 
Table 9. E f f ec t  of r a i n f a l l  dur ing growing pe r iod  and credit on ferti-  
l i z e r  use f o r  HYV of sorghum and p e a r l  
No. of No. of Dependant Regression c o e f f i c i e n t s  
d i s t r i c t s  years v a r i a b l e  I n t e r c e p t  JUNAUGRF CREDIT 
Rainy season sorghum 
17 4 ADOPTION 26.140 0.033" 
(2.180) 
AVNPK 29.368 0.023** 
(2.122) 
NRA Tl: 39.967 0.003 
(0.362) 
P PATE 25.109 -0.003 
(0.641) 
NAKEA 42.334 0.028** 
(2.450) 
P A W A  33.383 0.023** 
(2.063) 
Rainy season p e a r l  m i l l e t  
4 ADOPTION 48.030 0.045* 
(1 098) 
AVNPK 45.816 0.025 
(0.940) 
N R h ' I T  55.295 - 0 0 1 4  
(0.677) 
PRATE 31,393 -0.017 
(0.878) 
NAPE4 57.223 0.027 
(1.383) 
PAKL.A 28.561 0.039* 
(1.934) 
Figures  i n  parentheses  are t -va lues .  
*, **, * **  S i g n i f i c a n t  at 10,  5 and 1% p r o b a b i l i t y  l e v e l s  
r e s p e c t i v e l y .  
a .  Resu l t s  based on pooled t lme s e r i e s  and c ros s - sec t ion  da t a .  
E s q m a t e s  obta ined by COMTAC package a v a i l a b l e  a t  t h e  ICRISAT 
Computer Center.  
The analys is  of trend i n  f e r t i l i z e r  use over time revealed a l m s t  
complete coverage of t he  HYV n d e r  i r r i ga t ed  conclitions. Under ra infed  
oonditions, however, a s ign i f i can t  f r ac t ion  of tho HYV continued t o  bm 
unfe r t i l i zed  even a f t e r  l o ' yea r s .  There was a l so  considerable year-to 
-year f luc tuat ion .  It appeared t h a t  seasonal conditions played an 
important ro l e  i n  f e r t i l i z e r  use decisions -- pa r t i cu l a r ly  i n  decisions 
regarding whether t o  use f e r t i l i z e r  and what proportion of the crop area 
t o  cover. 
I V .  DETERMINANTS OF FERTILIZER USE 
The analys is  of determinants of f e r t i l i z e r  uae has been done a t  two l eve l r .  
The f i r s t  focuses a t t en t ion  on interfarm v a r i a b i l i t y  (within a d i s t r i c t )  
which i s  hypothesized to be caured by forces operating a t  tho level  of the  
individual farm, and the  second looks a t  in ter regional  (between d i s t r i c t r )  
var ia t ion  i n  f e r t i l i z e r  use i n  context of d i f ferences  i n  broad agrocl inut ic  
and i n s t i t u t i o n a l  environments. This two-step approach i s  intended t o  
capture t he  influence of micro-, and macro-factors more f u l l y  thrn ha8 been 
pcss ib le  i n  most of t he  e a r l i e r  s tud ie s  which investigated the  problem 
e i t h e r  from a macro (Desai 1969, Parikh 1965, Pa0 1973, Jayarman 1979) 
o r  a micro (NCAER 1974) angle. The bas ic  hypotheses, w d e l  speci f ica t ion  
and empirical  r e s u l t s  obtained i n  t h e  two analyses a r e  describrd h low.  
In t he  f i r s t  ana lys i s ,  we have examined decisions regsrdinp r a t e r  of 
appl ica t ion  of d i f f e r en t  p l an t  nut r ients .13  On the bas is  of pas t  s tud ie r  14 
we hypothesize t h a t  these decisions a r e  influ,enced by two s e t s  of fo rme .  
F i r s t l y ,  t he re  a r e  f ac to r s  which influence t h e  response of t he  crop t o  
f e r t i l i z e r  appl ica t ion  and hence the  p r o f i t a b i l i t y  of f e r t i l i z e r  use. We 
c a l l  these response var iables  which include s o i l  type,  drainage, i r r i g a t i o n ,  
t imel iness  of sowing, previous cropping his tory  of t he  p l o t ,  incidence of 
d iseases  and pes t s ,  weather conditions,  o tc .  Secondly, there  a r e  farmu: 
- rpaci f i= ,  s o c i ~ c o n o m i c  var iables  such as  education and axperience of tho 
farmer, c a p i t a l  pos i t ion  and c r e d i t  a v a i l a b i l i t y ,  extent  of comnwrciali- 
za t ion ,  t h e  rocioeconomic s t a t u s  of the fanner,  p r i ce s  of f e r t i l i z e r  md 
output,  r i s k  aversion,  e t c .  
13. Further work i n  t h i s  a r ea  i r  being pursued with o ther  da t a  rources. 
14. See T- 1974, Jha 1980 f o r  de t a i l ed  reviews on t h i s  aspect.  
Plo twisc  d a t d  f j r  each d l s t r l c t  from t h e  Yield Es tuna t ion  Survey 
(YES) f o r  1 9 7 3 - 7 4  wrrr  used f o r  th1.; a n a l y s l s .  A s  has been i n d i c a t e d  
e a r l i e r ,  RO iIYV f i c . l d ~ ,  were chosen f o r  t h e  c rop  c u t t i n g  experiments i n  
each d l s t r l c t  i i r i d  : ; , t rnnatlon on lnprlt use ar.d o u t p u t  were c o l l e c t e d  
from t h e s e  :c ts " ~ J n f o r t u n a t e l y ,  " e t a  on a l l  t h e  above mentioned 
v a r l a b l e s  wcrc r : . . l l & I e  and t h e  a n a l y s l s  had t o  be done wl th  s e l e c -  
t e d  p l o t  . ~ n d  f a r m - - [ ' ~  r l f l c  v a r l a b l e s .  These a r e  s p e c ~ f l e d  below. 
D e p e n d e n t - r z ~ - ~ & ~ :  -- t h r e e  drpendent  v a r l a b l e s  were s p e c i f i e d  and 
s e p a r a t e  regresc. lot)  equations were e r t lmoted  f o r  each.  These were: 
t o t a l  yldr?t nut .r~r~ncb (N+F'205+K20) used In  kg p e r  fertilized h e c t a r e  
( N I K R A ~ ) ,  qudnt  1 7 )  n f  n l t roqen  ( N )  used I n  kg p e r  f e r t i l i z e d  h e c t a r e  
( N R A ~ )  and r j r ~ n r ~ t ~ t y  - ~ f  phosphorus (P205) used i n  kg p e r  f e r t i l i z e d  
h e c t a r e  (Picn'"l ) 
Independent vdrl&-!cy -- (1) Data were available on s o l 1  t e x t u r e  o f  t h e  
p l o t  on wh,(.h t L , c  rop was qrown a s  l l g h t ,  o r  heavy 3011. A d m y  
v a r l a b l e  ( . ' ~ l l ' ~ r l "  , i s  9ef lned  wlth va lue  u n i t y  i f  t h e  p l o t  had heavy 
s o l 1  and zern  oLhr ridi5r. J t  was hypothesized t h a t  sorghum o r  p e a r l  
m l l l e t  qrowrl on rt 1, t l v c l y  t .eavler  s o l 1  woula r e c e i v e  mare f e r t i l z z e r s .  
(11) Opinion t ~ f  t l l c  f:lrmer on t h e  s t a t u s  of  driunacqe f a r  t h e  p l o t  con- 
cerned war a l s o  recorded.  A dummy varialsle  (DRAINAGE) havlfig v a l u e  
un l ty  f u r  p m r l y  rlralncd o r  wnterlorjqed p l o t s  and z e r o  o therwise ,  was 
def lned .  A riegativc c o e f f l c l e n t  f o r  t h i s  v a r l a b l e  was hypdtHeSi2ed. 
(ill) It was hypnthe;ized t h U t  p l o t s  whlch were sown a t  t h e  normal t ime 
would tend tcr r c c c l v e  h lgher  l e v e l s  of f e r t i l i z e r s .  Fan&rs4 i'&sponses 
regardlriq t i m e l l ~ ~ e s s  of sowlng ( e a r l y ,  normal or l a t e )  weke u h e p t o  
g e n e r a t t  a d w ~ y  vlr l ,*le (TIMCLYSOWIJ) f o r  p l o t s  sown a t  'the normal 
t lme.  ( r v )  There L E  some e v l d e n c ~  from p a s t  studies ( D ~ s ~ Y ' &  a l .  1973) 
t o  sugges t  t h a t  farmers a d ~ u s t c d  the11 c u r r e n t  f e r t l l ~ z a t i o h  ' r d t e s  down- 
wards zf t h e  precec i~nq  crop qlown on t h e  p l o t  was h e a v i l y  f d f t 1 l b ~ z e d .  
In  t h e  absence of  d,ita on pdst fertilization s t a t u s  6f t h e  p a t ?  a dummy 
v a r i a h l e  was used a s  proxy t o  c a p t u r r  t h i s  e f f e c t .  T h i s  'vari 'bble 
(PREVCROP) took t h e  va lue  un l ty  l f  tl:e p l o t  *as put to a c d M ~ y  f e r t i -  
l i z e d  c rop  ( l i k e  sugarcane ,  tobacco,  c o t t b n ,  v e g e t a b l e s ,  FiYV 6f c e r e a l s ,  
groundnut,  e t c . )  o r  legume, clurlng t h e  preceding season.  Ad-such, a  
15.  S c r u t i n y  of  d a t a  f o r  each d i s t r i c t  revea led  t h a t  in format ion  on f e r -  
t i l i z e r  p r i c e s  were n o t  c o l l e c t e d  f o r  p l o t s  where no f e r t i l i z e r s  were used 
Such o b s e r v a t i o n s  were d e l e t e d  f o r  purposes of t h i s  a l a l y s i s .  Also,  no 
r e g r e s s i o n s  were es t imated  f o r  d i s t r i c t s  where t h e  number of  observa t iong  
was l e s s  than 20. 
negative influence was hypcthesized f o r  t h i s  var iable .  (v) Adequacy 
of r a i n f a l l  during the  crop season, again in  the oplnion of the farmer, 
was represented by another dumy var izhle  (RAINFALL) which took zero 
values i f  r a i n f a l l  was not adequate, and unity i f  it was so.  A pomitive 
coe f f i c i en t  f o r  t h i s  var iable  was hypothesized. 
These were the  p lo t - spec i f i c  vnriablee.16 In addi t lon ,  two farm 
-speci f ic  var iables  were a l s o  inoluded i n  t he  model. (v i l  Data were 
col lec ted  on f e r t i l i z e r  p r i ce s  f o r  a l l  p l o t s  on which f e r t i l i z e r .  were 
used. This (FERTPRICE) was used a s  an explanatory var iable .  Average 
p r i ce s  pe r  kg of t o t a l  p lant  nu t r i en t s ,  per  kg of nitrogen and per kg of 
phosphorus were used i n  t h e  NPKRATC, N R A T E  and PRATE equations, respec- 
t lve1y.l '  ( v l l )  F ina l ly ,  farm s i z e  (rARMSIZE), measured a s  operational 
holding In hectares was used as  another var iable  t o  capture the  e f f e c t  of 
s i ze .  Past  evidence on the  inf luence  of t h i s  var iable  i s  mixed and we 
have hypothesized t h a t  farm s i z c  i s  inversely re la ted  with f e r t i l i z a t i o n  
r a t e s .  
Three l i nea r  regresslon equations were es t lna ted  fo r  each d i s t r i c t  
with NPKRATE, NRATE and PqATE as  dependent var iables .  The model, thus,  
was of t h e  following type: 
NPKRATE o r  NRATE o r  PRATE = f  (SOILDMY, DRAINAGE, TIMXLYSOWN, 
PPJ'VCKDP , InINt'ALL, FERTPRICE, 
FARMSIZE) 
The estimated equations fo r  each d i s t r i c t  a re  reported in  Appendix 
111 and Table 10 sunmarizes t he  s ign i f i can t  r e s u l t s .  In genoral ,  
Appendrx 111 revealed low ~2 values.  This was not surpr is ing  i n  view 
of t he  omisslon of some re levant  var iables  and the  presence of a  number 
of subjec t ive ly  measured var iables  i n  the equations.  I t  a l s o  showed t h a t  
only a  few v a r ~ a b l e s  were usually s ign i f i can t  i n  each eqiiation and some- 
times the  s igns  behaved e r r a t i c a l l y .  N O  attempt has been made t o  i n t e r p r e t  
16. An i r r i g a t i o n  dummy was a l so  considered but i n  a l l  ( l i s t r i c t s  t h i s  
var lable  had e i t h e r  zero v a r i a b i l i t y  or was col l incar  with some other  
va r i ab l e ,  In  view of t he  f a c t  t h a t  we have r e l a t i ve ly  b e t t e r  p r i o r  i n fo r -  
mation about i r r i g a t i o n  as  compared t o  the  o ther  p lo t -speci f ic  va r i ab l e s  
included i n  t he  mcdel, i t  was decided t o  pursue the l a t t e r  and the  
i r r i g a t i o n  var iable  was dropped. 
17 .  F e r t i l i z e r  quan t i t i e s  and p r i ce s  were recorded fo r  each p l o t .  Where 
s t r a i g h t  f e r t i l i z e r s  were used, the  p r i ce  of individual nu t r i en t  (N o r  
P2O5) was d i r e c t l y  avai lable .  Vor complex and nixed f e r t i l i z e r s ,  p r i ce s  
of individual nu t r i en t s  were obtained by apportioning the  t o t a l  expenditure 
on f e r t i l i z e r s  i n  terms of t h e  quan t i t i e s  of individual nu t r i en t s  weighted 
by the  p r i ce s  of these  nu t r i en t s  i n  s t r a i g h t  f e r t i l i z e r s .  Average p r i c e  
per  kg of(N+P205 +K2O) was a l so  obtained by a  s imi l a r  weighting proc; .d~a.  
Table 10 .  VariaLLes expla in ing  i n t e r - p l o t  v a r i a b i l i t y  i n  f e r t i l i z e r  use 
on HYV of sorghum and pear l  m i l l e t  (IASRI 1 9 7 3 - 7 4  data) .a  
DISTRICTS DEP.'JA- SOIL- DRAIN- TIMELY- RAIN- PREV- FEKP- FARM- 
ILIAI,! ,C DMY AGE SOWN FALL CROP PRICE SIZE 
sorghum d i s t r i c t s  














NI 'KIU\?T  
N ItAl'i 
I ' lG, 'rr 

































Pearl Mille t  d i s t r i c t s  
(+) 
( + I  
(-1 
( - I  ( - )  
(-1 (-I 
( - )  (-1 
( - )  (-1 
( -1  (-) 
(-1 
( -1 
(+I ( -1  
Table 10 continued 
DISTRICTS DEP.VA- SOIL- DRAIN- TIMELY- R A I N -  PREV- PERT- FAARM- 
RIABLE DMY AGE SOWN PALL CROP PRfCE SIZE 
Parbhani 





















a. The s ign i f i cance  l e v e l  used t o  t e s t  t h e  hypotheses was 5b using a 
o n e - t a l l  t tes t .  
b. Post - ra iny season crop. 
See Appendix 111 f o r  regress ions .  
each equa t ion ,  r d t t ~ e r  we have t r l e d  t o  i n t e g r a t e  evidence on t h e  
i n f l u e n c e  o f  d i f f e r e n t  v a r i a b l e s .  The fo l lowing  paragraphs  ouxuarize 
t h e  r e s u l t s  f o r  each v a r l a b l e .  
( i)  S o i l  type  I: ;OlLDMY) : ~ e g r k s s i o n  m e £  f i c i e n t s  f o r  t h i s  v a r i a b l e  
i n d i c a t e d  t h a t  c rupi  qrown on heavler  t e x t u r e d  p l o t s  were f e r t i l i z e d  
a t  h i g h e r  r a t e s .  For some d i s t r i c t s  ( l i k e  S a t a r a  and Anantapur f o r  
sorghum) negatlv,. coef f 1 c i e n t s  were o h t a i n e d ,  Lut  i n  o t h e r s  where t h i s  
v a r i a b l e  was sl : l r . l f icant ,  t h e  above r e l a t i o n  seemed t o  ho ld .  
( r i )  Drainage ( D t ' r ~ ? l J A C E . )  : This  v a r i a b l e  was n o t  found t o  be s i g n i f i c a n t  
i n  most nf t h r  r ? ~ s t r l c t r :  -- i n  o t h e r s  t h e  s i g n s  were n o t  uniformly con- 
s i s t e n t ,  It may t,t-, noted t h a t  n e l t h e r  of t h e s e  c rops  were grown on 
p l o t s  prollr t c '  w , ~ t c t l o g q i n g  and t h i s  might have l e d  t o  i n d i f f e r e n t  r e s -  
ponses t o  ,juc?st.zurl- on drainage. Tlle r e s u l t s  do n o t  permi t  any conclu- 
s i o n s  regard lnq  t ) ~ e  ~ n f l u e n c e  of  t h i s  v a r i a b l e .  
(iii) 'I'imel lr le! ,n  o! sowlnq (TlMELYSoWN) : This v a r i a b l e  was s t a t i s t i c a l l y  
--- 
s i g n i f i c a n t  i n  :! c!quations f o r  soryl-~um and i n  10 f o r  p e a r l  m i l l e t  and 
seemed t o  e x e r t  a p o s i t i v e  i n f l u e n c e  of f e r t i l i z e r  r a t e s .  The evidence 
showed up r e l a t ~  vc ly  more s t r o n g l y  f o r  n l t r o g e n  use on p e a r l  m i l l e t .  
(iv) Previous crop . - i l ' lU2VCHOP):  Thic; v a r l a b l e  a l s o  f a r e d  r e l a t i v e l y  b e t t e r  
i n  t h e  pr.011 m l  1 1k.t. equations. For sorghum, t h e  r e s u l t s  were mixed. The 
hypothrs lzed  ~ r , f l u a r i c e  on f a r t i l l z e r  use f o r  pear l  m i l l e t  showed up even 
m r e  c l e a r l y  a t  70% p r o b a b i l i t y  l e v e l ,  particularly f o r  nl:.rogen use.  
We expec ted  morc: p o s i t i v e  r e s u l t s  f o r  phosphorus r a t e s  (where r e s i d u a l  
e f f e c t s  a r e  morc impor tan t )  h u t  t h e  r r g r e s s r o n  c o e f f i c l e n t s  d i d  n o t  
sugges t  any c l e a r  t r e n d .  
( v )  R a i n f a l l  dur inn  crop season ( I &  I N l ' A ! c :  Adequacy of r i i l n f a l l  d u r i n g  
t h e  c rop  season inf luenced  f e r t i 1 l z t . r  use on sorghum positively For 
p e a r l  m l l l e t ,  I n  f l  o u t  of: 12 equa t ions  i n  which t h i s  v a r i a b l e  was s i g n i -  
f i c a n t ,  t h e  c o e f f i c l e n t s  were r iegatlvr .  A t  20%. probability l e v e l ,  
r e s u l t s  f o r  p e a r l  m l l l e t  1)ccorne ~ r i c o n c l i ~ s i v e .  This  could be  due t o  t h e  
f a c t  t h a t  t h e  p e a r l  mll lc? h y b l i c i s  \+ere more f r e q u e n t l y  grown under 
i r r i g a t e d  c o n d l t l o n s .  I t  may he noted t h a t  t h e  regressions based on 
f o u r  y e a r s  d a t a  presen ted  e a r l i e r  a l s o  slicwed a s t r o n g e r  i n f l u e n c e  of  
r a i n f a l l  on f e r t i l i z e r  use f o r  sorcjhum, though t h e  e f f e c t  was d i s c e r n i b l e  
on ly  on f e r t i l i z e d  a r e a  and n o t  on r a t e s .  
( v i )  Farm s i z e  (FARMSIZE): The farm s l z e  v a r i a b l e  d i d  n o t  behave i n  the 
expec ted  manner. I n  11 equat ions  it was found t o  be s i g n i f i c a n t  and in. 
8 it had a poslt . ive s ign.  The hypothesis of negative inf luence of frrm 
s i z e  on f e r t i l i z a t i o n  r a t e s  was based on the  log lc  t h a t  due t o  g rea te r  
pressure  t o  use land-augmenting p r a c t i c e s ,  t h e  small farm8 would have 
more input-intensive cu l t ida t io r , .  One must note ,  however, t h a t  t h i a  
va r i ab le  could a l s o  be in t e rp re t ed  a s  a proxy f o r  socioeconomic s t a t u s ,  
which i s  l r k e l y  t o  be pos i t ive ly  r e l a t e d  with f e r t i l i z e r  use. The 
r e s u l t s  suggest t h a t  i n  most cases ,  t h i s  l@Fte r  e f f e c t  dominates. Thus, 
while the  postula ted  hypotheses cannot be accepted, the  r e s u l t 8  pe r t a in -  
ing t o  t h r s  va r i ah le  could be in t e rp re t ed  a s  supporting the  l a t t e r .  
( v i i )  F e r c i l l z e r  p r i c e  (FERTPRICE): This var iable  emerged s i g n i f i c a n t  
i n  f a i r l y  l a rge  number of d i s t r i c t s  and i n  most cases i t  showed the  
hypothesized negative inf luence on r a t e s  of fertilizer appl ica t ion.  The 
f a c t  t h a t  we a re  ab le  t o  iden t i fy  p r i c e  e f f e c t s  from a cross-sect ional  
data  s e t  suggested t h a t  even within a small  area ( d i s t r i c t )  t he re  was 
considerable r n t e r f a m  va r i a t ion  i n  f e r t i l i z e r  p r i c e s ,  We consider it 
as a major mnt r lbu t ion  because almost a l l  s tud le s  based on cross-section 
data  assume t n a t  such va r i a t ions  do not e x i s t  and do not even include a 
p r i c e  va r l ab l r  i n  the  model. I t  should be noted t h a t  i n  our model, 
p r i c e  v a r l a h l l i t y  a r i s e s  from two sources -- from interfarm dif ference8 
i n  p r l c e s  pald t o r  t he  same f e r t i l i z e r  mater ia l  and a l s o  from use of 
different f e r t i l i z e r  mater ia ls  (mixtures o r  complex fertilizers) which 
leads  t o  d i f f e r e n t  p r i c e s  f o r  individual  nu t r i en t s  depending on t h e  
weight these  n u t r i e n t s  carry  i n  the  t o t a l  f e r t i l i z e r  mix. S ign i f i can t  
c o e f f ~ c i e n t s  fo r  t h i s  va r i ab le  imply t h a t  fanners a re  aware of t h i s  
sub t l e  p r i ce  d i f f e r e n t i a t i o n  phenomenon. This f inding has impl ica t ions  
f o r  r e t a i l  t r ade  In f e r t i l i z e r s  and we s h a l l  come back t o  r t  l a t e r .  
The micro-level exerc lse  iittempted above does not y i e l d  conclusive 
r e s u l t s  f o r  some variables.' '  However, t he re  i s  enough evidence t o  
e s t a b l i s h  t h a t  forces  operating a t  t h e  farm o r  p l o t  level  do inf luence 
f e r t i l i z e r  use decis ions .  Thls implies t h a t  farmers a re  C O ~ S C ~ O U S  of 
the  forces  which inf luence response of crops to f e r t i l i z e r  app l i ca t ion  
and do t r y  t o  a d j u s t  accordingly.  The evidence t h a t  they respond 
r a t i o n a l l y  t o  va r i ab le s  l i k e  s o i l  t e x t u r e ,  timeliness of  sowing and 
18. It  should be noted t h a t  a l l  p l o t s  with zero f e r t i l i z e r  use were 
de le t ed  from t h i s  analys is .  This could I~avo advereely af fected t h e  
r e s u l t s ,  p a r t i c u l a r l y  w ~ t h  respect  t o  va r i ab lc s  f o r  which a negat ive  
inf luence was hypothesized. 
and r a i n f a i l  dur ing  crop season,  sugges ts  awareness regarding f a c t o r s  
which inf luence  t.he t e c h n i c a l  e f f i c i e n c y  of f e r t i l i z e r  use.  
2. Agqregate d i s t r i c t  l e v e l  a n a l y s l s  
 his exercise# was attempted w i t h ' a  vicw t o  study t h e  in f luence  of macro 
- l e v e l ,  reg iona l  f a c t o r s  on f e r t i l i z e r  use d e c i s i o n s ,  and sought to  
expla in  I n t e r d i s t r i c t  v a r i a b i l i t y  i n  ex ten t  and r a t e s  of f e r t i l i z a t i o n .  
D i s t r i c t  e s t i m a t e s  o f  r a t e  of fertilizer a p p l i c a t i o n  and percentage a r e a  
f e r t i l i z e d  f o r  HYV of sorghum and p e a r l  m i l l e t  were used a s  dependent 
var iab le5  in  a rcoresoion model with t h r e e  s e t s  of independent v a r i a b l e s .  
The f i r s t  included v a r i a b l e s  which a r e  important  i n  context  of expla in ing  
i n t e r r e g i o n a l  (di.qtr1c-t) v a r i a t i o n s  i n  response of these  crops t o  f e r t i -  
l i z e r  applicat iorl  -- we c a l l  these  response v a r i a b l e s  -- and t h i s  s e t  
included s o i l  t y p ~ ,  i r r i g a t i o n  and seasona l  r a i n f a l l  condi t ions .  The 
second s e t  included v a r i a b l e s  which d e p i c t  t h e  experience of  farmers 
regarding f a c t o r s  whlch have a bear ing  on t h e i r  c u r r e n t  f e r t i l i z e r  use 
dec is ions  and included t h e i r  perception of r i s k  and expected seasona l  
condit ions19 -- t h c s c  a r e  c a l l e d  experience v a r i a b l e s .  The t h i r d  s e t  
included i n s t i t u t i o n a l  v a r i a b l e s  l i k e  c r e d i t  a v a i l a b i l i t y ,  e x t e n t  of  
m m e r c i a l l z a t i o n ,  arid s t ~ b s i s t e n c e  pressure .  
For t h i s  andly~is, data  f o r  20 ra iny  season sorghum and 21 ra iny  
season p e a r l  m i l l e t  d i s t r i c t s  (1973-74) were used. In view of t h e  l i m i t e d  
nwnber of observatjol ls  a v a i l a b l e ,  we had t o  e l i m i n a t e  some varaables  i n  t h e  
prel iminary s tnqe .  T h e  v a r i a b l e s  used i n  t h e  regress ion  model a r e  def ined  
below : 
Dependent v a r i a b l e s :  D i s t r i c t  es t imates  of  average l e v e l  of t o t a l  p l a n t  
n u t r i e n t s  (NtP2O5i.K20) used in  kg p e r  f e r t i l i z e d  h e c t a r e  (AVNPK), r a t e  of 
n i t rogen  a p p l i c a t i o n  in  kg p e r  f e r t i l i z e d  h e c t a r e  (NRATE) and r a t e  of 
phosphorus a p p l i c a t i o n  i n  kg p e r  f e r t i l i z e d  h e c t a r e  (PRATE) were used a s  
t h r e e  dependent r a t e  of  a p p l i c a t i o n  v a r i a b l e s .  Two v a r i a b l e s  -- percen- 
tage  a rea  f e r t i l i z e d  with ni trogenous f e r t i l i z e r  (NAREA) and percentage 
a r e a  f e r t i l i z e d  with phosphatic  f e r t i l i z e r s  (PAREA), were used t o  d e p i c t  
t h e  e x t e n t  of f e r t i l i z a t i o n  v a r i a b l e .  Thus, f o r  each crop,  f i v e  equa t ions  
were es t imated  corresponding t o  these  f i v e  dependent variables. 
19. Expected output  p r i c e  (def ined  a s  lagged p r i c e )  and o v e r a l l  educa t iona l  
s t a t u s  i n  t h e  d i s t r i c t  (defaned a s  e x t e n t  of r u r a l  l i t e r a c y )  were a l s o  t r i e d  
bu t  t h e s e  d i d  not  give s i g n i f i c a n t  r e s u l t s  i n  any case and were subsequently 
dropped. 
Independent var iables :  Five response var iables  were used i n  the  aquatian.. 
(1) 'Two dummy variables were usecl t o  speci fy  three  broad r o i l  groups: 
SOILDMY 1 f o r  districts with blad; s o i l s  dominating and SOILDm 2 f o r  mixad 
black and red so l1  d i s t r i c t s .  a l l  other s o i l  types were put i n  t he  excluded 
category. (ii) Percentage area under i r r i g a t i o n  i n  t h e  d i s t r i c t  (IRRIGATE) 
was used a s  an independent var iable  t o  capture t he  e f f e c t  of i r r i g a t i o n .  
(iii) Rainfa l l  durlng June and July  1973 were included as  two r a i n f a l l  
var iables  -- JUNEW and JuLYRF. 
I t  was hypothesized t h a t  farmers' f e r t i l i z e r  use decieions were inf lu-  
enced by t h e i r  expectation regarding weather. We used normal r a i n f a l l  
durrng June (JIINENOR) and July  (JULYNOR) in  tho d i s t r i c t  a s  proxiee f o r  
expected weather conditions.  A r i sk  var iable  (RISK), speci f ied  cu t he  
coe f f i c i en t  of va r i a t i on  of t h e  dotrended y i e ld  s e r i e s  f o r  t he  crop aon- 
cerned (sorghum or pea r l  m i l l e t )  i n  each d i s t r i c t ,  was used t o  represent 
farmers '  perception of t h e  inherent i n s t a b i l i t y  of t he  environment. These 
three  var iables  represented the  experience of farmers. 
?Iiree var iables  were used t o  depic t  t he  influence of the  i n s t i t u t i o n a l  
environment. A s  an ind ica to r ,o f  c r e d i t  a v a i l a b i l i t y ,  d i s t r i c t  ast imates 
of average borrowings per  cu l t i va to r  fo r  ag r i cu l tu ra l  purposes i n  1973-74, 
gi.ven in  t h e  survey repor t  (Raheja e t  a1. 1976) were used t o  define a 
c r e d i t  ( C U D I T )  var iable .  Percentage area under conunercial cmps  
(COMCROPS) In 'he d i s t r i c t  was used t o  depict  t he  extent  of conmmrciali- 
za t ion  of ag r i cu l tu re .  F ina l ly ,  the  extent  of subsistence pressure 
(SUBSIST) i n  each d i s t r i c t  was measured as  t he  percentage of holding6 of 
l e s s  than two hectares .  
The f i n a l  equations a r e  presented i n  Appenclix IV and Table 11 
summarizes t he  s a l i e n t  r e s u l t s  I n  terms of s ign i f i can t  e f f e c t s  only. 
The r e s u l t s  support t he  hypothesis t h a t  i n t e r - d i s t r i c t  d i f ferences  
i n  responses t o  f e r t i l i z e r  appl ica t ion  af fec ted  t h e  l eve l s  of f e r t i l i z e r  
use. I t  was obsezved t h a t  a s  compared t o  o the r  e o i l  types (mixed red  and 
black,  red ,  a l l u v i a l ,  e t c . ) ,  the  average l evo l s  of f e r t i l i z e r  use ware 
higher on black s o l l s .  The e f f e c t  of i r r i g a t i o n  did not show up a s  c l ea r ly  
as  t he  e a r l i e r  discussion suggested. Rainfa l l  during growing season 
exercised a pos i t i ve  influence on f e r t i l i z e r  use f o r  sorghum, mainly 
through a favorable e f f e c t  on area  f e r t i l i z e d .  For pea r l  m i l l e t ,  t h e  
r e s u l t s  were not  c l ea r .  I t  may be noted t h a t  s imi l a r  r e s u l t s  were 
obtained in  t he  preceding p lo t - l eve l  analyeis  a l so .  Considered along 
with regress ions  presented in  Appendix 111 and Table 11, t h i s  analys is  
seemed t o  e s t ab l i sh  f i rmly  t h a t  f o r  mainly un i r r iga t ed  sorghum HYV, 
favorable  seasonal conditions d id  r e s u l t  i n  decis ions  t o  extend f e r t i l i z e r  
Use. 
Results were r e l a t i v e l y  l e s s  c l e a r  with respect  t o  t h e  experience 
va r i ab l e s .  The r i s k  var iable  emerged s ign i f i can t  only i n  t h e  case of 
pea r l  m i l l e t .  I n t e r e s t i n g l y ,  i t s  e f f e c t  was d i sce rn ib l e  on f e r t i l i z e d  
a rea  and not on r a t e s  of appl ica t ion .  Moat of t he  work on e f f e c t  of r i s k s  
on f e r t i l i z e r  use ,  on t h e  o ther  hand, emphasize t he  inpact  on r a t e s  of 
app l i ca t ion .  This i s  c l ea r ly  an aspect which needs fu r the r  i nves t iga t ion .  
Rainfa l l  expectations (based on long term experiencelwere hypothesized t o  
inf luence  both r a t e  and a rea  f e r t i l i z e d  parameters i n  a  s t a b l e  fashion. 
The r e s u l t s  f o r  sorghum indica ted  t h a t  higher expected r a i n f a l l  during 
presowing period had a  favorable e f f e c t  on P2O5 r a t e s  and a  negat ive  
inf luence  on percent  area f e r t i l i z e d  with n i t rogen,  while t he  expected 
s i t u a t i o n  during sowing per iod (July)  af fec ted  N r a t e s  and a rea  f e r t i l i z e d  
pos i t i ve ly .  T h e  r e s u l t s  f o r  pea r l  m i l l e t  were i ncons i s t en t  o r  nonsigni f i -  
cant  with respect  t o  r a t e s  of app l i ca t ion ,  but f o r  a r ea  f e r t i l i z e d ,  a  
p o s i t i v e  i n f  lurnne was d i sce rn ib l e .  
One must note t h a t  v a r i a b i l i t y  in eowing time across regions poses 
problems i n  i n t e rp re t ing  the  r a i n f a l l  e f f e c t s  conf ident ly ,  ye t  t he  r e s u l t s  
obtained, pa r t i c r l l a r ly  f o r  t h e  predominantly ra infed  sorghum HYV, suggest  
two inf luences .  F i r s t l y ,  r a i n f a l l  expecta t ions  inf luence  decis ions  
regarding r a t e s  a s  well as  area f e r t i l i z e d .  In genera l ,  farmers i n  lower 
r a i n f a l l  a reas  tend t o  he cautious with regard t o  use of f e r t i l i z e r s .  
Secondly, t h e r e  i s  a  sho r t  run adjustment phenomenon whi.ch shows t h a t  
they do t r y  t o  take advantage of weather conditions a s  they unfold. 
This e f f e c t  opera tes  more s t rongly  on area f e r t i l i z e d  r a t h e r  than r a t e s .  
I t  perhaps makes sense t o  do so because higher r a t e s  would be useful  only 
i f  t he  s o i l  moisture conditions remain favorable  f o r  a  s p e l l  long enough 
t o  ensure its ahsorption -- t h i s  i s  uncer ta in .  Extension of f e r t i l i z e d  
a rea  ( a t  moderate r a t e s )  enables farmers t o  t ake  advantage o f  a  sho r t  
s p e l l  of adequate s o i l  moisture conditions (about which they a re  sure), 
Of the  th ree  i n s t i t u t i o n a l  va r i ab l e s  considered,  c r e d i t  emerged 
a s  t h e  most s i g n i f i c a n t  one, r e in fo rc ing  t h e  view t h a t  inadequacy of 
c a p i t a l  p lays  a  r e s t r i c t i v e  r o l e .  There was a l s o  some evidence t o  show . 
Table 11. Variables explaining inter-iistrict varidility in fertilizer use on HYV 
of rainy season sorghum an3 rear1 millet (1973-74) .a 















a. See Appendix IV for regressions. The significance level used to test the hypo- 
theses was 5% usina a one-tail t rest. 
b. In this equation, rainfall durina June to August has been considered. 
t h a t  higher subsistence pressure led t o  higher f e r t i l i z e r  use. I t  should 
be noted t h a t  t h i s  var iable  could be given an a l t e rna t ive  in t e rp re t a t i on  
a lso .  In  genera l ,  farm s i ze s  a r e  small i n  areas having b e t t e r  agroclima- 
t i c  endowments. Thus, the  findillg t h a t  f e r t i l i z e r  use i s  higher i n  d i s -  
t r i c t s  where small farms predominate, could as  well be indica t ive  of t h e  
e f f e c t  of favorable agroclimatic endowments. No f i rm conclusions could 
be drawn regarding the  e f f e c t  of commercialization -- t h i s  var iable  war 
found t o  be s ign i f i can t  i n  only one equation. 
The aggregative analys is  thus reinforced the  findings obtained i n  
the microlevel analys is  and a l so  provided some addi t ional  i n s igh t s .  This 
two-step approach l ed  t o  t he  following conclusions: 
( a )  Farmers' decisions regarding f e r t i l i z e r  use on these two crops 
a r e  influenced by the  expected responses t o  f e r t i l i z e r  appl ica t ion .  This 
conclurion follows from the  evidence t h a t  observed pa t t e rns  of f e r t i l i z e r  
use a r e  influenced by f ac to r s  which a f f ec t  response -- s o i l  type,  t imel iness  
of sowing, previous f e r t i l i z a t i o n  prac t ices  and r a i n f a l l  during crop season. 
Adjustment t o  these var iables  a l so  implies an awareness of t he  f ac to r s  which 
linfluence technica l  e f f ic iency o f  f e r t i l i z e r  use. Thus, farmers i n  SAT 
areas a r e  found t o  be wi l l ing  t o  use f e r t i l i z e r s  i f  t he  responses a r e  
a t t r a c t i v e ,  they a l so  seem concerned about how t o  use t h i s  f e r t i l i z e r  
e f f i c i e n t l y .  Both these  aspects  h ighl ight  r a t i o n a l i t y .  
(b) F e r t i l i z e r  use on rainfed crops (sorghum) i s  influenced by rain- 
f a l l  in two ways. Expectations regarding r a i n f a l l  during the  crop season 
a f f e c t s  f e r t i l i z e r  use decisions.  Actual r a i n f a l l  during t h i s  period i s  
a l so  important. The l a t t e r  r e f l e c t s  an attempt by fanners t o  ad jus t  t o  
seasonal conditions as  they unfold. 
( c )  Evidence on the  impact of i n s t a b i l i t y  of environment -- r i s k ,  
was not so s t rong a s  i n i t i a l l y  expected. Also, t h i s  var iable  seemed t o  
be more c ruc i a l  f o r  decis ions  on area t o  be f e r t i l i z e d  than on r a t e s  of 
application.  
(d) Credit  emerges as  a powerful f ac to r .  This underscores t he  
importance of inadequacy of working cap i t a l  i n  SAT agr icul ture .  
(el Evidence on the  influence of f e r t i l i z e r  p r i ce s  on f e r t i l i z e r  use 
wasr q u i t e  strong. I t  should be noted t h a t  f e r t i l i z e r  p r i ce s  are regulated 
and within a d i s t r i c t  one would not ,  a p r i o r i ,  expect s ign i f i can t  cross  
-8ectianal v a r i a b i l i t y  i n  f e r t i l i z e r  p r i ce s .  Our r e s u l t s  i nd i ca t e  t h a t  
suzh variations e x l s t  and a r e  m p o r t a n t .  These could a r r s e  from 
(1) r r a n s p o r t a t l o n  c o s t s ,  (11) i i ~ f f e r e n c e s  rn tunang of f e r t z l l z e r  pur- 
chases ,  (111) differences ~ n  t h e  k lnd  and composltlon of f e r t r l l e e r  
m a t e r l a l  purchased,  and ( i v )  m p e r f e c t r o n s  i n  r e t a i l  t r a d e  of f e r t i l i z e r  
I n  f a c t ,  wlth t h e  exception of t h e  f r r s t ,  a l l  t h e  o t h e r s  imply i n e f f i -  
c r e n c l e s  i n  r e t a l l  t r a d e  o r  lmper fec t lons  In  ltnowlcdgc lmparted t o  
f artners. 
V .  SUMMARY AND CONCLUSIC'NS 
T h ~ s  a n a l y s i s  was at tempted t o  provide  in format ion  regard ing  t h e  s t a t u s  
of fertilizer i i rc  on liYV of sorqlium and p e a r l  m i l l e t  -- t h e  two most 
important  cerrnls grown on dry lands  of  S A l '  I n d i a .  I t  a l s o  sought t o  
i d e n t l f y  forccfis which i n f l u e n c e d  fa rmers '  d c c i s l o n s  regarding f e r t i l i z e r  
use.  Data f r o r :  2 1  predominantly SAT d i s t r i c t s  f o r  sorcjhum and 26 f o r  
p e a r l  i n i l l c t  hrt?re taken from th(! s tudy  e n t i t l e d  Sample Surveys f o r  
Assessment n f  1 l 1 t - 1 ,  Yielding V a r i e t i e s  Programme conducted by the Ind ian  
A ~ j r i c u l t u r a !  : i u < . , e t l ' b  Researcli I n s t i t u t e  (TCAH) , New Delhi during 
1973-74 (Rahc j o  e t  a l .  1976) . 
D,-,ra on adopt lcn  o f  f e r t l l i . z e r s ,  ex ten t  and r a t e s  of f e r t i l i z a t i o n  
f o ~  %he iTW n f  t h e s e  two crops  negated two popular ly  he ld  b e l i e f s .  
Y r r s t l y ,  t h e  vlew t h a t  fanners  i n  t h e  SAT do not  use f e r t i l i z e r s  f o r  t h e s e  
law-valucad, l n f e r i o r  c e r e a l s  was n o t  supported by d a t a  wtlich c l e a r l y  
showed t h a t  i n  m a j o r i t y  of districts s t u d l e d ,  a  s u b s t a n t i a l  p ropor t ion  
of farmers d i d  use  f e r t i l i z e r s  f o r  t h e s e  c rops .  Secondly, t h e  d a t a  a l s o  
contradicted t h e  view t h a t  t h e  u n i r r i g a t e d  m i l l c t s  rece ived  no f e r t i l i -  
z e r s  The d a t a ,  p a r t r c u l a r l y  f o r  ~ o r g h m  slinwed t11~t major i ty  of fa rmers  
i n  most of t h e  districts used fertilizers quit-e uxt-ensively f o r  t h e  
u n l r r i g a t e d  tIYV a l s o .  The p e a r l  m i l l e t  hybr ids  lagqed behind i n  t h i s  
regard  n o t  because fa rmers  were unwilling t o  use f e r t i l i z e r s  b u t  because 
t n e  adoptlor  of t h e s e  v a r l e t l e s  I t s e l f  was confined l a r g e l y  to i r r i g a t e d  
lands .  However, one must q u a l l f y  t h e  above influences. The spread of  
t h e  HYV of t h e s e  two crops  has n c t  been very high and 'he l o c a l  v a r i e t i e s  
whlch cover most of t h e  a r e a  a r e  l a r g e l y  u n f c r t i l i z , e d .  So, it is  n o t  t h e  
low-value which rs impor tan t ,  i t  l e  l ack  of  f e r t i l i z e r  r e s p o n r i v r n r s r  
of  t h e  t r a c l i t i o n a l  varieties wlizch is r e s p o n s i b l e  f o r  n o n - f e r t i l i z a t i o n  
of these crops. 20 
I t  was observed t h a t  t h e  spead of HW did not always lead t o  higher 
r a t e s  of f e r t i l i z e r  appl ica t ion ,  but spread of HYV and the  extent  of crop 
area f e r t i l i z e d  were pos i t i ve iy  %cor re l a t ed .  This implied t h a t  decisions 
to use f e r t i l i z e r s  and super ior  v a r i e t i e s  were r e l a t ed  but decisions 
regarding r a t e s  of appl ica t ion  were probably taken with o the r  considera- 
t i ons  i n  view. 
As expected, f e r t i l i z e r  use varied under i r r i g a t e d  and uni r r iga ted  
conditions and considerable i n t e r d i s t r i c t  v a r i a b i l i t y  ex i s t ed  under both 
s i t ua t ions .  The modal c l a s se s  f o r  appl ica t ion  r a t e s  (per  f e r t i l i z e d  hee- 
t a r e )  of N ,  P205 and K20 were 41-60 kg, 31-40 kg and 11-20 kg f o r  irri- 
gated sorghum and 41-60 kg, 21-30 kg and l e s s  than 10 kg f o r  i r r i g a t e d  
pea r l  m i l l e t  hybrids.  The corresponding uni r r iga ted  r a t e s  were 21-40 
kg, 21-30 kg and 11-20 kg f o r  sorghum and 21-40 kg, l e s s  than 20  kg and 
l e s s  than 10 kg respect ive ly  f o r  the pear l  mi l l e t  hybrids.  These and the  
data fo r  extent  of crop area f e r t i l i e e d  showed b e t t e r  values f o r  sorghum 
under uni r r iga ted  condi t ions ,  but under i r r i g a t e d  conditions,  t h e  pea r l  
m i l l e t  hybrids had higher f e r t i l i z e r  use indica tors .  Further analys is  of 
data f o r  8 d i s t r i c t s  over t he  period 1970-71 t o  1976-77, and a l so  evidence 
from other  s tud ie s  indica ted  t h a t  though the re  were in teryear  f l uc tua t ions ,  
the  modal r a t ee  reported above were f a i r l y  firm over time. 
These f indings  have important implications f o r  research work on these  
crops from two angles.  F i r s t l y ,  these can be t r ea t ed  as  benchmark leLels  
of ex i s t i ng  f e r t i l i z a t i o n  p rac t i ce s  of farmers. Frequently one comes 
a c m s ~  the  question: what i s  t h e  f e r t i l i t y  l eve l  against  which the new 
v a r i e t i e s ,  agronomic p rac t i ce s ,  e t c .  should be evaluated? The question 
i s  important because i n  almost a l l  cases s ign i f i can t  i n t e r ac t ions  e x i s t  
between techniques and f e r t i l i t y  l eve l s .  The above estimates a r e  useful  
i n  providing some guidel ines  i n  t h i s  regard. Secondly, our analys is  shows 
t h a t  t he re  a r e  areas  where f e r t i l i z e r  use i s  qu i t e  high even under irri- 
gated conditions.  This implies d i f f e r e n t ~ a l  adaptation of t h e  HW and 
underscores t h e  need t o  develop regional ly  adopted, f e r t i l i z e r  response 
v a r i e t i e s .  The argument i s  pa r t i cu l a r ly  re levant  f o r  pea r l  m i l l e t  i n  which 
20. F i e ld  experience of researchers  (and our own data)  suggests t h a t  f a r -  
mera do sometimes apply nitrogenous f e r t i l i z e r 9  in  m a l l  q u a n t i t i e s  ( i f  the 
weather conditions a r e  favorable) primarily t o  boost t h e i r  sorghum Fodder 
y i e ld s  ( D r .  N.K. Sanghi, A l l  India  Coordinated Research Projec t  f o r  Dryland 
Agriculture (AICRPDA) , Hyderabad -- personal comnunication) . We need t o  ' 
take a c r i t i c a l  look a t  t h e  f e r t i l i z e r  response da t a  from this angle. 
case ,  lack o f  ar iaptat lon t o  u n l r r l g a t e d  condl t lons  appears t o  be a  malor 
c o n s t r a i n t .  
The o t h e r  ~ m p o r t a n t  f e a t u r e  revealed by our a n a l y s l s  was t h a t  t h e  
modal r a t e s  meritloned abov: were a t t a l n e d  wi th ln  4 - 5  yearb a f t e r  t h e  HW 
were zntroduced. These have remalned s t a b l e  s l n c c  t h ~ n .  Whlle this pro- 
v ldes  ye t  another evldence of  r a p l d  response of S A I  f.irmers t o  lnnovat lons ,  
we need t o  l n v c s t l g a t e  t h e  reasons why t h e  leve!t, a l e  no t  r l s ~ n g  over t ime.  
Only a  a e t a l l e d  a n a l y s r s  of t h e  f e r t ~ l ~ z e r  r e s p n s r  d a t a  f o r  t h e s e  crops 
w l l l  provide an a7swer t o  t h i s  puzz le .  
Analysrs  of t rend  i n  f e r t i l i z e r  use parameterb dlA n o t  show any 
sys temat rc  p a t t e r n .  Comparison of d a t a  f o r  sorghum and m l l e t s  with t h o r e  
f o r  r lce/wheat  provided some e v ~ d e n c e  on t h e  n t a h l l ~ z i n g  e f f e c t  of I r r l g a -  
t l o n ,  par t i  c u l d r l y  on t h e  a r e a  f e r t i l i z e d  v a r i a t ~ l ~ .  I'hl s 'ma1 y s l s  a1 so  
revea led  t h a t  ~t was rmportant t o  keep a l l  t h e  f e r t i l l z c r  use parameters  
-- adopt lon ,  r a t e s ,  a s  wel l  a s  a r e a  f e r t l l l z e d ,  ~n  per tpec t rve  whlle 
s tudying f e r t l l ~ z e r  use p a t t e r n .  One o f t e n  observed these  parameters 
movlnq In  oppos l te  d r r e c t l o n s  lmplylnq t h a t  lt 1 s  not cklwayb enough t o  
look a t  one. Thls  1 s  an Important ne thodoloql ra l  p o l n t  and pabt  s t u d l e s  
have o f t e n  f d i l e d  In  t h l s  r e s p e c t .  I t  should I>c noted t h a t  un l lke  t h e  
case of  l r r l g a t e d  crops where once a  farmer A =  convinct~d,  h e  ubually 
s t a y r  wlth f e r t i l ' z e r s ,  f o r  r a l n f e d  crops even the dec l%ion  t o  uae f e r -  
t l l l z e r s  tiak t o  be taken every t lme a f r e s h .  The dcita f o r  ~ r r ~ g a t r d  
p e a r l  n u l l e t  d l s t r l c t s  showed wlder f l u c t u a t l o n ~ .  I t  wat, argued t h a t  
apart  from o t h e r  f a c t o r s ,  one needs t o  examne tlir u(cur rcn(  tb of diseases 
and p e s t s  I n  order  t o  understand t h e  f l u c t u a t l o n b  f u l l y .  
Data showrnq h l g h e r  f e r t l l  l z e r  use on ~ r r l g ? t e d  a trqi urn, L < a r l  
m l l l e t  and o t h e r  c e r e a l s ,  lend s t ronq  support  ic t i l t  t i y j  i i t  hr 1 thd t  l f  
g a i n s  from adoptlon were hlgh arid s t a b l e ,  i d n h ~ ~ i  1 1 1  ri.e b h l  (d:la dr~ywherr 
e l s e )  d i d  no t  l a g  behlnd. In  g e n e r a l ,  f e r t l l l ~ d t   on l c v c l ,  were found 
t o  be h lgher  f o r  t h e  l r r l g a t e d  superzor c e r e a l &  (rice O L  wlieat) 4s compared 
t o  t h e  m l l l e t s .  T h ~ s  l n d l c a t e d  t h d t  farmers d ~ d  acrord b ~ m e  b r r o r l t y  t o  
t h e  hlgher valued (and h lgher  response) crop:, r r i  a l l u r d t i r r y  t h ~ i r  s c a r c e  
l r r i g a t l o n  and l i q u i d  c a p l t a l  resources .  In terms of f c r t l L l z e r  use,  
t h e r e f o r e ,  t h e  BAT p r e s e n t s  a h ie ra rchy  of cnexlstLng a i t u a t l o n s .  To 
s t a r t  wr th ,  t h e r e  a r e  l r r l g a t e d  ( o r  u n l r r l g a t e d )  h l g h  va lue  crops whrch 
claim high p r i o r i t y ;  than  fol low t!ie irrigated and u n l r r l g a t e d  HYV of 
crop8 l i k e  sorghum and p e a r l  m i l l e t  whlch respond much more t o  f e r t l l l z e r  
appl ica t ion  as oompared t o  t h e i r  l oca l  counterpar ts ;  and a t  t h e  bottom 
a r e  t h e  l a rge  number of un i r r iga t ed  food crops which r a r e l y  f i gu re  i n  
f e r t i l i z e r  use decis ions  (Yha 1980).  
The two-level ana lys i s  on determinants of f e r t i l i z e r  use revealed 
some important macro, and micro-influences on f e r t i l i z e r  use decis ions .  
I t  was found t h a t  f ac to r s  l i k e  s o i l  type, seasonal r a i n f a l l  condi t ions  
and i r r i g a t i o n  ( f o r  t h e  pea r l  m i l l e t  hybrids) which af fec ted  regional  
response pa t t e rns ,  were important. Farmers were a l so  found t o  be guided 
by t h e i r  long term experience regarding the  production environment and 
f ac to r s  l i k e  expectation of r a i n f a l l  and r i s k  were s i g n i f i c a n t .  Credi t  
a l s o  emerged a s  an important cons t r a in t  i n h i b i t i n g  f e r t i l i z e r  use on 
these  crops.  This e f f e c t  was perhaps sharpened by t h e  f a c t  t h a t  c rops  
l i k e  sorghum and m i l l e t s  occupied, a s  s t a t ed  above, a r e l a t i v e l y  i n f e r i o r  
pos i t i on  i n  the  hierarchy of crops a s  compared t o  h igher  valued and 
i r r i g a t e d  crops which used up the  bes t  of fanners '  resources.  Hence t h e  
e f f e c t  of c a p i t a l  s c a r c i t y  is  more acute ly  r e f l e c t e d  on these  crops.  
A t  the  farm l eve l ,  f e r t i l i z e r  use was found t o  be influenced by 
a number of p l o t  s p e c i f i c  and farm l e v e l  f a c t o r s .  There was evidence 
t o  show t h a t  farmers used more f e r t i l i z e r s  on heavier  as  compared t o  
l i g h t  textured s o i l s ,  on p l o t s  which were timely sown and p l o t s  which 
d id  not grow a f e r t i l i z e d  o r  legume crop i n  the  preceding season. We 
had e a r l i e r  noted t h a t  t h e  f a c t  t h a t  farmers attempted t o  make balanced 
use of d i f f e r e n t  n u t r i e n t s  and t h a t  they were a l s o  able  t o  d iscr iminate  
between v a r i e t i e s  of t h e  same crop which var ied  i n  t h e i r  response t o  
f e r t i l i z e r s .  A l l  t he se  i nd ica t e  t h a t  farmers i n  t h e  SAT a r e  becoming 
conscious of t h e  f i n e r  po in t s  of  f e r t i l i z e r  use technology. They were 
a l s o  found t o  respond t o  favorable weather conditions by deciding t o  
extend f e r t i l i z e r  use. This r e s u l t  was obtained in  a l l  t h e  t h ree  
regression-based analyses.  This a l s o  r e f l e c t s  on t h e  en t e rp r i s e  of t he  
SAT fanners  and s i g n i f i a s  a r a t i o n a l  approach in  a s i t u a t i o n  where t h e  
s t a t u s  of the  most c r i t i c a l  production input  -- s o i l  moisture,  i s  
uncertain.  I t  follows t h a t  recomeridations regarding f e r t i l i z e r  use on 
un i r r iga t ed  crops must take t h i s  f a c t o r  i n t o  account and s h i f t  from 
single-valued f e r t i l i z e r  r a t e  recommendations t o  a f l c x i b l e  recommendation 
basket which minimizes t h e  chances of  a l a rge  c a p i t a l  l o s s  i n  t he  event 
of crop f a i l u r e s ,  y e t  provides f o r  s t r a t e g i e s  which enable t h e  farmers to 
make technica l& optimal decis ions  depending upon seasonal condi t ions  an 
they unfold.21 
Interesting r e s ~ l t s  were ob ta lned  with regard  t o  t h e  ~ n f l u e n c e  of  
f e r t l l l z e r  p r i c e s  cr f e r t ~ l r z a t r o n  r a t e s .  The f a c t  t h a t  t h e  p r l c e  e f f e c t  
muid he estimated r n d l c a t e s  t h e  presence of  cross-sectional p r l c a  d l f -  
f e r e n t l a i s  d e s ~ l t r  p r -ces  being statutorily f l x e d .  ~t 1 s  doubt fu l  t h a t  
t h e s e  a r l s e  f r o v  t r a n s p o r t a t r o n  c x t s  a l o n e . 2 2  We a r e  rnc l lned  t o  a t t r i -  
bu te  t h l :  a l f i e r e r t l a l  t o  imperfections ln  t h e  r e t a l l  t r a d e  l n  a d d i t i o n  
t o  t r a n s p o r t a t - o r  -os:s. Thus, from p o l l c y  p o l n t  of view, s l g n i f r c a n c e  of  
t h e  p r l c e  v a r l a k l e  Impl ies  hlgh p a y o f f s  t o  lmprovement i n  r e t a i l  t r a d e  of  
f e r t l l l z e r s  - -  b\  & a t  of I n c r e a s e  i n  t h e  number of r e t a i l  p o i n t s ,  easy 
and tlrnely a v a l l a t i l r t r ; ,  f r e e  access  t o  f e r t z l l z e r  c r e d i t ,  availability 
o f  t h e  r l g h t  k17d 3f f e r t l l l z e r ,  e t c .  
Thr r e s ~ l * s  c: ' t l s  a n a l y s r a  sugges t  t h e  hypothesis t h a t  b a r r r e r s  
t o  f e r t s l i s e r  >lse or u n l r r l q a t e d  crops do n o t  a r l s e  from i r r a t l o n a l l t y .  
The t r a d ~ t ~ o n a i  r r l u c t a n c e "  can be e a s l l y  expla ined  by non-remunerative- 
ness  and anstaL,-r-t} ot  response t o  f e r t l l l z e r  a p p l r c a t l o n  f o r  most of t h e  
l o c a l  v a r i e t l e -  c t ~ n l r r l g a t e d  (food) crops .  Thus, development of 
r e q l o n a l j y - a d a ~ t e ( : ,  fertilizer respons ive  v a r l e t l e s  should contlnue t o  
r e c e l v e  thc h l a h i ~ -  p r l o r l t y .  Provis ion  of c r e d i t  and improvements I n  
r e t a l l  t r a d e  ~ I P  t h e  o t h e r  two e s s e n t l a l s  I n  t h e  s t r a t e g y  t o  promote 
f e r t l l l z e r  JSP 2nd auqment t h e  r i o d u c t l v l t y  of u n l r r i g a t e d  c rops .  
F l n a l l y ,  t h e  extensLon system must chanqe from t h e  traditional ' f l x e d  
package of  practices' t o  a h ~ g h l y  f l e x i b l e  approach deslgned t o  take  
n a x l m u m  advan:iLue of random seasona l  c o n a t ~ o n s  which p lay  such a  cru-  
clal r o l e  1~ ?AT a g r l c u l t u r e .  
21. 'Fn-s r e c o g n i t i o n  1 s  emerging and t h e  A l l  I n d i a  Coordinated Research 
P r o j e c t  on Dryland A g r i c u l t u r e  now remmnends s p l i t  a p p l i c a t i o n  of  f e r t l -  
l i z e r s  depending upon seasona l  c o n d i t i o n s  (AICWDA 1979) .  The ex tens ion  
programs, however, have y e t  t o  f u l l y  i n t e g r a t e  t h i s  recommendation. 
22 .  The farmers were j u s t  asked about  f e r t i l i z e r  p r i c e s  p a i d  by them. No 
probing  q u e s t i o n s  were asked on t h i s  and we presume t h a t  I n  most c a s e s ,  
t h e i r  responses  were confined t o  a c t u a l  p r i c e s  p a i d  by them. 
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